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EWTON in his immortal re- 
ſearches diſcovered, by effects which 
were ſenſible to him, that ſome ſubtile medi- 
um, of great elaſtic force, muſt neceſſaril 
ſupervade the ſurfaces of all bodies, to cauſe 
| the reflection and refraction of l ght, & c. 
but being profeſſedly ignorant of what that 
medium or power may be, be ſaid that he 
would call it ether. | 
From the modern Ae —— elec- 
tricity, many gentlemen have declared that 
electricity was the æther of Sir Iſaac Neu- 
ton; but being ignorant of the mediums; or 
powers which conſtitute what we call eleo- 
tricity, and conſequently ignorant of the na- 


ture and properties or general laws by which 


thoſe powers act, it was impoſſible for them 
to ſhew how elearicity was adapted to the 


bebe to which that 8 man ies 8 
is ether. Ag 8 | 
| A 2 ; 2 . 42 . i For 


„10 


Any 
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For hitherto electricity (except what may 
be found in the following tracts, and what 
I ſhall mention) has been conſidered as a 
ſabtile medium ſubſiſting they knew not 
where, and acting they knew not how. I 
now find that ſome gentlemen, who firit en- 
quired into this matter, ſuppoſed that there 
were two kinds of electricity; and ſome 
others followed their opinion ; particularly 


Mr. Muſebenbrock has aſſerted that there 


were two kinds of electricity, and that any 
body may be endued with either kind at 
pleaſure ; but that it was impoſlible that 
body:ſhould: be in poſſeſſion of both at 
once; but where that gentleman has been 


miſtaken, the following tracts will ſhew; 
and that it was impoſſible for him to have 
explained, his own famed and very uſeful 


experiment of charging a bottle, by that 
Mr. Benjamin Franklin, ' who has been 
greatly followed, eſpecially by the Engliſh, 


has produced another doctrine of electricity. 


He ſuppoſes that electricity ſubſiſts in glaſs, 
and that glaſs by being rubbed, throws out 
that power, and that ſealing-wax, reſins, &c. 
drink it in. And in electrifying other bo- 
dies, he ſays that ſome may be electrified po- 
ſitively and ſome negatively ; which are terms 
1 maſt confeſs that I do not underſtand; but 


-what I think he muſt mean by them is, that 


when a body is poſitively electrified, there 

muſt be part of that power which is thrown 

out from the glaſs, topped or retained 1 3 
. RS 
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that body; and that muſt; be the cauſe: 
of that body's repelling another body: ſa: 
elearified ; and when a body is;negatively- 
clectrified, it muſt be diveſted of part of its 

natural ſhare of electricity; but if electrieitʒj 
ſubſiſts only in glaſs, and not in all other 
bodies, — is it poſſible to diveſt a bed: 
hat it never had? and he ſays that vo- 
bodies negatively electrified, repel — — 9. 
as much as When an electriſied. But 

to me it appears a perfect contradiQion to; 
ſay that two — "hall repel each other: 
the farther, the more they = diveſted of 
the repulſive power. This plain contradie- 
tion, one would think, * have 
this ingenious entleman fa pect that there 
was ſomething fallible or deficient in his doo- 
trine of poſitive and negative electricity; 
yet in ſome experiments communicated! - 
to the Royal Society, he makes it a pringi- 
ple in his doctrine of electricity; 5 ber 


has mentioned three under the: expreſs-title, Lo 


4 — IS-2oe in the n Valume aof hilof: = 

no * CT {. 1860-20 
- Tok iple. Electnie atmoſpheres 
that — — non- electrio bodies, being 
brought near each other, do not readily mix 
and unite into one atmoſphere, a N 
pet each other. 


te, and re 


not only another electric atmoſphere; : 
but mal ;.repel the electtio matter: con. 
_ tained in che ſuhſtance of bo 1 f 
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ing it: And without joining or mixing with 
it, force it to other parts of the body that 
contained it, 490 fo hos 

Third principle. Eodies electrified nega- 


tively, or deprived of their natural quantity 


of electricity, repel each other, (or at leaſt 
pear to do ſo, by a mutual receding as 
well as thoſe electrified poſitively, or which 


have electrie atmoſpheres. | 


His firſt principle is true, when the atmoſ 
pheres are of one kind; but quite falſe when 


they are of different kinds; for there they 


attract each other and inſtantly join; as will 
be ſeen in the following, and all other ex- 
— 7 DH e e 
In his ſecond principle he allows that the 
clearic matter exiſts in all bodies; tho' in 
ſeveral of his writings he confines it to glaſs. 
But before we can know how an electric at- 
moſphere acts on this electric matter, we 
muſt enquire what this electric matter is, and 
of what it conſiſts, and how it acts and is 
acted on. If it conſiſted of a ſingle medium 
or power, his doctrine would in ſome meaſure 
be true, but the effects which always appear 
would not follow. But this electric matter, 
or what we call electricity, conſiſts of two 
different diſtinct elaſtic mediums or pow- 
ers, which equally and ſtrongly attract and 


condenſe each other, and are equally at- 


tracted by all matter, according to the ſpe- 
cific gravity of the matter, as will appear in 
the following tracts. Therefore when any 
body is immerged in an electric atmoſphere, 
that atmoſphere only repels that power of 
. electricity 
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electricity which is of the ſame kind in the 
body; but equally attracts the power of a dif- 
ferent kind which is in the body; and while 

that body remains ſo 1mmerged, the different 
powers in that body remain ſeparate with 
their different atmoſpheres at each end of 
that body; which will be more particularly 
explained in what I call an experimentum 
Crucis, and many other experiments in the 
following tracts. 25 5 
As to his third principle, it is quite erro⸗ 
neous to ſuppoſe that bodies by being nega- 
tively electrified (as he terms it) are deprived 
of their natural ſhare of electricity: for they 
are no more deprived of that, than when 
they are poſitively electrified; and I am ſur- 
riſed to find that a gentleman, ſo converſ- 
ant with electricity, ſhould think that bodies 
electrified negatively, are without electric 
atmoſpheres ; when all experiments ſhew- 
that: they have as extenſive N heres 
as when electrified poſitively; and that 
they act in all reſpeQs in the Kane man- 
ner. For when a body is electrified ne- 
gatively, it is impoſſible for him or any one 
elſe to tell, by any effects of that body on 
another body which is not electrified, by 
which power that body is electrified; nor is 
there any way of diſcovering it, but by briag- | 
ing another body electrified with a known 
power, to try whether its atmoſphere attracts 4 
or repels the atmoſphere of the 'body'eſeatr- | 4 
fied with an unknown power. ; 
Now it is plain from theſe principles, and 
: by all the other writings of this gentleman, 
| A 4 which 


*. 


eK 


which Thaye ſeen, that he makes electrici- 
ty cohſiſt of one ſingle medium or power; 


5 ſhewing how this power may be 


found with an extenſive atme phere, or how. 
that atmoſphere can produce the phænomena 
which ariſe fom electrical experiments. We 
are told that friction makes glaſs throw it out, 
and that ſcaling-wax, reſins, ſulphur, &c. 
drink it in. But how is this done? This 
ſuppoſition is very fallible; for I can make 

— of throw out the refinous: ox. vitreous 
— at pleaſure, or I can make ſealing- 
Wax, throw out the vitreous or refinous. 
power as often as I think fit, and I can alter 
this action of the wax twenty times in a 
minute. I call the powers reſinous and vi- 
treous, for diſtinction ſake ; for I da not 
know any eſſential difference to dſunguiih. 
them by. 

But ſyppaſing there was but one Kidd by? : 
electric atmoſphere ; by what action can; it. 
dyed! e a. body 4. its natural ſhare of the elec- 
tric matter? ſince this gentleman allows that 
the electric matter exiſts in all bodies. It is 
intelligible how it may add to it, but not 
how it can take from it, In his explaining 
the charging and diſcharging the Lenden 
bottle, 42 is obliged to have recourſe: to a 
ſtrange hypotheſis that there is ſome ſtra- 
tum or partition in the middle of glaſs which 
ſeparates the two ſides; and that when the 
electric fire is accumulated on one ſide of the 


- glaſs, the other fide parts with as much of 


Us, Aa} Hf ſhare, as Was ed e 


. c 4 


one ſingle medium or 


* 
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firſt; and that when a conmunication is 
made between the ſides; by any conductor 
of electricity, the emptied ſide greedily drinks 
up the electrie matter —— on the 
other ſide. But this is an entire miſtake; for 
ven the bottle is charged; it is oquallyelec- 
trified on both ſides, but with the different 
powers of electricity; and wlen a commu- 
nication is made hy a conductor; the inereaſ- 
ed power without; flies in; and the increalſ- 
ed power within flies out; to make the 
powers equal to each otlier within and with-' 
out; for theſe powers ſtrongly attract and 
condenſe each other when equal to each 
other; which is their natural ſtate in all bo- 
dies; and therefore they do not exert any 
ſenſible action in that ſtate. Glaſs may be 
equally electrified on both ſides with either 
the reſinous or vitreous power; and this may 
be done by excited glaſs or war when they 
throw out the uſual powers; or it may be 
done by the atmoſphere of any body electriſi· 
ed by glaſs or wax; or the Leyden bottle, ſuſ- 
pended by ſilk, may be charged- with either” 
of the powers inſide and tlie other power 
outſide, by only immerging it in the moſs” : 
phere of a body electrified with either of the 
and may be diſeharged, and recharg- 
ed in the different order, without contact 
or communication with any thing bũüt that 
atmoſphere. Theſe experiments, ot any 1 
other, cannot be explained by the-aion-of 
r. From this 
{miiginary ſtratum or partition in glaſs, this 
— | 
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gentleman concludes that glaſs is impervious 
to the electric powers; but in this he is al- 
ſo miſtaken; for with excited wax or glaſs, 
can clearify a body through glaſs, with 
which ever power a ſpectator: ſhall pleaſe to 
name at the inſtant of performance. I have 
ſhewn theſe, and many other experiments 
to a great numberof gentlemen, ſomeof them 
converſant with eleQricity, who thought 
them ſufficient to demonſtrate to the meaneſt 
capacity, that two different diſtint medi- 
ums or powers did exiſt in electricity; and 
that they acted by the laws which I have 
mentioned in. my letters. But as the deſign 
of theſe letters was to ſhew the exiſtence. of 
theſe powers, and by experiments to demon- 
ſtrate the general laws by which they aged ; 
J ſhall —— to them. 5 
The letters, which contain the doe of | 
theſe different powers in electricity, were ſent 
to the Royal Society, on the gth of Auguſt, 
1757, and 14th of February, 1758. 
In the end of the year 1759, in the vol. 
Tranſactions, page 871, Robert Symmer, eſq; 
has produced a doctrine; that electricity does 
not conſiſt of one poſitive power, as general- 
ly ſuppoſed; but of two diſtinct, poſitive and 
active powers; which, by contraſting, and, 
as it were, counter- acti ng each other, pro- 
Bas the various phenomena of electricity. 
I here uſe his own expreſſions. 
Alt firſt I really thought that this gentle- 
man might have taken hints from my * 0 
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but, on more mature conſideration, I think 
is own experiments might have led him to 
this doctrine; in which, as far as he has gone, 
he is certainly right; but he went but a very 
little way to explain this matter But, as 
Mr. Symmer ſays, that Mr. Franklin could 
not be brought to agree with him; I ſuppoſe 
is the reaſon that Mr. Symmer has not ſince 
: purſued his diſcovery: / I have tried his er- 
| perimenk with black and white ſilk ſtock- 
ings; and find it true, that the black ſtock- 
in 18 always electrified with the ſame pow-- 
erf whether it is put inſide or outſide; and 
the white ſtocking always eleQrified with the 
contrary power. This experiment is a very” 


extraordinary one; and, I think, 


bly lead to a diſcovery how the Ade e- 
to be electrified with the different powers of 
electricity; which is the great deſideratum, 
to demonſtrate the whole actions of the 
clouds, in their aſcent and deſtent, and rela- 
tive to thunder, rain, &c. But the want᷑ of 
this knowledge does not any way invalidate; 
or retract from what I have ſaid on this 
ject; ſince the clouds 5 found to be really 
ſo electriſied. If: * | 
In the year 1 5675 Mr: Joſeph Pricey 
2838 his hiſtory of electricity; in which 
e attempts to mend Mr. 'Symmer's theory, by 
a ſup; = theory of his own. But he ſo re- 
gularly ſuppoſed” the thec y which 1 Babe in | 
the Killing tracts, (long before Mr. 
mer or he thought of it) and uſed my bers 
EI 'that"Ieannot forbear think-" 


ing 
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ing that he had better have brought my ex- 
periments to prove it, (ſince he produced 
none of his own) and put my name to it, 

than to have left it a ſuppoſitious theory of 
bis own. Whether, in this, he is, or is not 

2 plain be Imuſt ſubmit to the read- 

ers of both. __ 

It will, plainly r. that I Ho not 6 
poſed the exiſtence of theſe different powers; 
but that I have demonſtrated by the effects 
of electrical experiments that they do really 
exiſt; and have alſo thereby ſhewn the gene- 


ral laws by which they act, and are acted on. 


And, if more experiments are wanted, 7 
could give a thouſand; nor did I ever meet 
vrith any experiment Which did in the leaſt 
contradict what I have ſaid of theſe powers 
or their manner of acing,; r for many. 
years: paſt, 1, have ap plied the m to various 
purpoies; partic —ů— rs by; 
which I have cured-above five hundred pati- 
ents of different diſorders, without applying 
any other Pn internally or externally.” 
Among which were, many paralytics; ſome 
with hemiplegias, ſome with paraplegias, 
ſome with palſeys, that began in the entte: 
mities, and worked up beyond the waiſt, Wn 
that they knew not when their excrements 
went from them. I have cured xheumatiſms 
(not of the inflammatory kind) almoſt inſtan- 
taneouſly, in a miraculous manner g agues, 
jaundice, obſtructions in women, and many 
other diſorders, in Which I thought the ef- 
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veral phyſicians have ſubmitted to be my pa- 
tients, when the known materia medica, at- 
ter long trial, has not anſwered their pur- 
Poſe. Toffered to ſend an account of theſe 
cures, and the manner of performing, to the 
| Royal Society; but, as they did not think 
er to anſwer my letter, I did not think 
it worth the while to troubie myſelf with iv 
prolix à detail as was neceſſary to explain 
this affair; and as to their not anſwering, or 
publiſhing many of my letters, I think that 
J have great teaſon to anne a8 1 Thall 


ſhew preſently. 
But, to return to my friend, Mr. Prieftley, 


who has ſo methodically ſuppoſed my the- 
ory of electricity. Though he is ſo at 
ſuppoſing, can he poſſibly ſuppoſe that any 
man will think that he could ſuppoſe ſo re- 
gular a theory of electricity, which ſo eaſily 
accounts for all the phænomena thereof, and 
Which has puzzled all the ingenious men of 
the world to diſcover, without his producing 
one ſingle experiment to ſhew the exiſtence 
of the different powers, or their manner of 
acting; or, when any man has read theſe 
letters, which were addreſſed to the Royal oj 
Society, of which Mr. Prieſtley is a Fellow, Wa 
muſt he not think that Mr. Pig lex has ww. 
2 his theory from them? as, indeed, he 
as followed them very cloſe in his ſuppoſi- 
| tions; for he only ſuppoſes the actions f 
theſe powers all along; but he has neglecteu 
to ſuppoſe the principal action, which have 


— and which removes all difficulty 
in 


2 5 
— 2 . 
* d 
* % 
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in explaining all their other actions, vis. 


That, when they are equal to each other, 


they not only attract each other, but con- 
denſe each other into almoſt an inſenſible 
compaſs; which is their general ſtate in all 
bodies, as they are both equally attracted by 
all matter; and that when they are any way 
ſeparated, which muſt be done by encreaſing, 


the one and leſſening the other power, for 
they never can be entirely ſeparated in any 


body, the encreaſed power by its elaſtic 
force will expand itſelf through a ſpace ma- 
ny millions of times greater * what it 
took up in its condenſed ſtate; as I have of- 
ten proved by experiments ſubject to ſenſe. 
Now, if any gentleman can think this hy- 
—_— is Mr, Prie/tley's own, he muſt, at 
eaſt, do me the honour to ſay, I have been 


ten years before him; and, if real experi- 


ments are better proofs of the truth of ſuch 


a doctrine, than bare ſuppoſitions, he muſt 


alſo allow that I have proved it better and 
clearer than Mr. Prieſtley has done. Had 
the Royal Society thought fit to publiſh theſe 


letters, it would RE ſaved Mr. Prieſtley 


the trouble of ſo much ſuppoſing ; but 1 muſt 
take the liberty of ſuppoſing that Mr. Prieſt- 
ley thought I was dead, and that theſe let- 
ters would never come to light. 

Before I ſpeak of my deſign in publiſhing 


theſe letters, I will ſnew that the doctrine 


given by Mr. Franklin and others, is fallible 
and „ ee 8095 
Firſt, 
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.\ Firſt, Mr. Franklin ſuppoſes that glaſs is 
impervious to the electric powers. This may 
be confuted by fo eaſy experiments, that I 
am ſurprized that Mr. Franklin could have 
miſled them. Take a piece of bog-down, 
ſuſpend it by ſilk; then take a pane of 
clean ſaſh-glaſs, and warm it, and let the 
down hang by the ſide of it; then bring an 
excited electric to the other ſide of the glaſs, 
and the down ſhall fly off perfectly electrifi- 
ed, in the ſame" manner as it would have 
been if the glaſs had not intervened. If the 
excited electric be glaſs, the down will be 
electrified with the vitreous power; and if 
wax, with the reſinous power. I his ſhews 
that the powers paſs entire through the glaſs; 
but if Mr. Franklin chooſes to think that 
they are different powers, thrown from the 
2 ſide of the glaſs, he muſt then allow 
that two different diſtinct powers do exiſt ina 
all glaſs ; which overſets his whole doctrine, 
which depends upon the action of one ſingle 
power. In the next place, Mr.' Franklin 
ſays that glaſs cannot receive electricity at 
one ſide, without parting with ſo much of 
its natural ſhare at the other ſide; and on 
this ſuppoſition depends his doctrine of 
charging the Leyden bottle. But in this he 
is entirely miſtaken; for you cannot electri- 
iy a pane of glaſs at one fide, but the other 
ide will be equally electrified with the ſame 
power, whether reſinous or vitreous; ex- 
cept you form a communication from one 
ſide of the glaſs with ſome n 
29510 | LETT. ——_ 
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while you electrify the other ſide; and then, 
be your excited electric either reſinous or vi- 
treous, it will repel the power of the ſame 


kind from the oppoſite ſide of the glaſs, ane 


attract the different power from the non 
electrics; and theſe powers will hold each 
other affixed to the glaſs, by their natural at- 
traction through the glaſs; and thus the glaſs 
may be elefrified with the different powers 
at each fide; and thus the Leyden bottle be- 

comes" charged; for if you ſet your bottle 
upon a clean electric ſtand, ſo that a differ- 
ent power from that you attempt to charge it 
with cannot be drawn up to the outfide, 
you'll find that both ſides are electrified with 
the ſame. power whether vitreous er reſinous. 


But, to electrify a pane of glaſs equally at 


Dine 


ous * ett and that by the atmoſphere of a 
conductor electriſied by either of the powers. 
Paſs ten ſtrong knitting needles through a 
ſick; ſo that they may lie parallel to each 
other, (and if th pointed it will do 
beſt) and uten kes than half an inch of 
each other; then fix a wax or glaſs handle 

to the ſtick; hen your — is electri- 
fied, and the wheel turning, bring your pane 
of glaſs within three inches of the conductor, 

— draw the points of your wires Ecke are 
next to the conductor three or four times 


lowly over the glaſs, beginning at the fide 


of the glaſs next to the conductor, and draws 
ing them from the conductor, and you ſhall 


find wt glaſs equally lei ot both 
ſides, 
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ſides, with the power contrary to that which 
the conductor throws out: Or, if you would. 
have the glaſs electrified with the ſame pow- 
er, which the conductor throws” out, place 
one end of the wires near the conductor, and 
draw your glaſs under or over the other 
points of the wires from the conductor, but 
in contact with the wires, and the glaſs will 
be electrified equally at both fides with the 
ſame power with the conductor. Or a pane 
of glaſs may be electrified equally at both 
ſides with the vitreous power, by a large 
ſtick of ſealing-wax excited; or equally at 
both ſides with the reſinous power, by an 
excited glaſs tube, in this manner. When 
your pane of glaſs is clean, dry, and warm, 
place a ſmall bundle of linen rags, ſuſpended 
by ſilk, or a ſheet or two of paper folded 
like a letter, or any non- electric, upon the 
glaſs, and bring an excited glaſs tube under 
the pane, and in contact with it, or near ap- 
proach to it, and when it has remained there 
two or three ſeconds, toſs off the rags or pa- 
per, and inſtantly withdraw the tube; you will 
find the pane of glaſs electrified at both ſides, 
with the refinous power': and the ſame ope- 
ration with a large ſtick of ſealing-wax exci- 
ted will leave the pane of glaſs electrified at 
both ſides with the vitreous power; and the 
non-electric which was on the pane, electri- 
fied with a different power. Now to explain 
this matter; The two different powers of 
electricity being equally adheſive to the pane 
of glaſs (as indeed they are to all bodies) they 
attract and'condentſe each other into almoſt 
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an inſenſible compats, and in that ſtate do 
not exert any ſenſible action, but the atmoſ- 
phere of the excited electric drives part of 
the ſame power out of the glaſs into the non- 
elecric, and at the ſame time attracts the dif- 
ferent power of electricity from the non- 
electric into the glaſs; now the non- electric 
and the excited electric being removed, 
the different powers in the glaſs are 
rendered unequal to each other, and 
therefore the encreaſed power by its ela- 
ſtic force, when the attraction of the other 
power is leſſened, expands itſelf into an ex- 
tenſive atmoſphere; which atmoſphere will 
act in all reſpects like the atmoſphere of an 
electric excited by the ſame power; for all 
electrics are excited in the ks manner by 
the ſeparation of theſe powers, which are 
always equally inherent in them and all other 
bodies till ſeparated by friction, &c. And the 
reaſon that nonrelectrics cannot be electri- 
fied without being inſulated by electrics, is 
becante: theſe. different powers ſo quickly 

change place through non-electrics: for the 
| > ng of an excited electric 3 at- 


8 


to each on fg in RY ſtate. 2 never ex- 
ert any ſenſible action. But take an iron 
rod a4 a foot long with the ends rounded off, 


and e it by 1 fa, and bring it within 


8 a 4 


P. R EH A CRE xx 


three or four inches of the conductor, while 
the wheel is turning; then take it out of, 
the atmoſphere of the conductor, and vou 
will not find 3 of its being ; ejcarified,; 
then' bring it into the fame Pallet and you 
will find the, two ends clerified with the 
| different powers of eleQricity ; theend next, 
the conductor with the power, contrary to 
that Which the conductor uch t; which 
may be known by touching the e with a 
piece of bog-down fuſpended' by ik. In the | 
firft caſe the iron did 1 not decide any electri- 
city from the conductor, Nor could t receive. 
any from the conductor in the, ſecond caſe, 
the circumſtances being the ſame ; therefore 
theſe! differeſit Powers muſt be inte oo in 
the iron, and muſt be thus ſeparated hy 
atmoſphere. of t the Conductor, by etage ng. | 
the one, and re 11 9 the other; auc in this q 
ſeparated ſtate it is evident that © en WW 


is "+ Eigen that "When the. iron is tal 
the RUE 

different power: do iat reunite by thei 1 
| natural attractſon, and #3, rea ia a | 
to'ſhew nd ſign vof 275 > leArificd, But if 
this 80 rod Was awed hunger at! ge 1 5 
of" its Oh front the condue 675 
hol drilled M each -end * to debe b 
tliat it may be 'bron Ut as "one rod. t tow «0s 
the condu or 4s befor PITS and th I 
pieces raken afinider” While the 12 $43 
differently electrifted, And carried fr om, the. 
Nor LR ndudtor.. Each p pol 
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will remain wel 7 with a differen 
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er; which may be tried by the bog-down. 
But when theſe pieces come to touch each 
other, the powers are inſtantly and equally 
reunited through the whole, and all ſigns of 
electricity vaniſh. _ 

The Leyden bottle ſu 7 ſilk, may 

iſcharged, and re- 
charged with the powers in The contrary. 
order, only by the atmoſphere of an electri- 
fied conductor, in this manner; fix ſome. 
ſharp pointed wires to the 2 of the 
bottles, ſo that they proje inch below 
the bottom of the bot een ſome ſharp 
pointed needles to the. rod from the de 
of the bottle projecting upward ; ſuſpend 
the bottle by filk, and bring it that the rod 
from the. inſide may 465 the conduQar, 
while the NE e 0 it remain 
you. will find 


_ 


wer which the conductor throws out:; 
Bn ſyſpend the bottle over. the conductor 
for the Me time, with the wires from the 
bottom pointing to the conductor, and, you. 
will find the bottle diſcharged.; but let ĩt re- 
main in that poſition as long again, an you. 
will find the bottle recharged, but in * 
trary order from what it was at firſt. erl. The 
conductor being eleclrified with the vitreous 
power, the atmoſphere of that. attracts the 
reſinous power from the inſide of the bottle, 

and from the non: electrie contained therein, 
and itſelf enters in the room thereof; till the 
inſide and non- electric therein are cleArifi-, 


ed like the conductor with the vitreous pow- 
er; 


# 
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er; which vitreous power within will repel 
the vitreous power from the outfide of the 
bottle, and from the non- electric in contact 
* it, through the points of the wires, and 
attract the reſinous power from the ait 
dis + the points till it arrives at the out- 
{ide of thẽ bottle; where it meets a reſiſtance 
from the glaſs, and therefore is accumulated. 
there and held in firm contact by the attrac- 
tion of the contrary power inſide the bottle; 
which contrary power it equally attracts anc 
holds affixed to the inſide of the bottle: and 
thus'the bottle remains charged when taken 
from the atmoſphere of the conductor. When 
the experiment is reverſed by bringing the 
wires from the bottom of the bottle pointed 
toward the conductor, the vitreous atmoſ- 
phere of the conductor attracts the geſinous 
power from the outſide of the bottle and the 
non: electric coating, and adds to the vitre- 
ous power there; which vitreous power re- 
pels the vitreous power from the inſide, and 
attracts the reſinous power through the 
needles, till the bottle becomes charged in 
the contrary order from what it was at firſt. 
There are many caſes of this bottle, ſume 
of which Ihave mentioned in my letters, but 


they may be all explained (and indeed al! 


other electrical experiments) by a due conſi- 
deration of the actions of theſe two different 
powers, vis. That they are equally attract- 
ed by all matter, and they equ ttact and 
cen each other into almoſt an inſenſible 
compaſs when equal to each other; but 
7 e _ "when 
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when, upegual to each other, the increaſed 
wer by its elaſtic force expands into an 
electric atmoſphere, which atmoſphere will 
repel any power of the ſame kind, but 
equally attra& any power of the different 
kind. - But, as I have explained this matter , 
more fully in my letters, 1 ſhall.refer to them. 
Except what I have ſaid in the following 
letters, I do not find any one has attempted 
to ſhew how any electric comes to be excited 
or electrified; I mean to produce an electric 
atmoſphere, which is very eaſily explained 
by the ſeparation of theſe two powers, by 
leſſening one and enoreaſing the other; as 
may be ſeen in cleQrifying the pane of glaſs 
at both ſides with the vitreous power, by the 
excited wax; Or at both, ſides with the re- 
ſinous power, by the excited glaſs tube. In 
exciting electrics theſe powers are never en- 
tirely 12 eparated, but the leſſened power acts 
inward to the electric, and the encreaſed 
power acts out ward from the electric with 
an extenfi ve atmoſphere. For, when a large 
ſtick of ſealing - wax is a little warm and well 
excited, I can electriſy a piece of bog- down 
ſuſpended by ſilk with the vitreous power, 
which acts inward to the wax; and again 
withdraw that power from the down, and 
leave it electrified with the reſinous power, 
which acts outward from the electric, on]; 
my manner of touching the down with 
| wax; and. a ſpectator. all ſcarcely per- 
| ceive any difference in the manner of touch- 


| ing the down with the WAX. ns ay 
E | 1 could 
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I could produce numbers of experiments, 
to ſhew the co exiftence of theſe different 
powers in all bodies, which every careful ex- 

rimenter muſt cafily perceive ; but I be- 
fers what J have ſaid is enough to ſhew the 
inſufficiency of attempting to explain all the 
different attractions and repulſions of electri- 
city by one ſingle medium or power. But 
no difficulty remains in explaining them all 
by the action of theſe different powers, when 
rightly underſtood. 

Mr, Franklin has aſſerted that glaſs can- 
not receive electricity at one fide, without 
parting with ſo much of its natural ſhare at 
the other ſide. But this is demonſtrably 
flalſe, by the pane of glaſs being electrified 

| equally at Ao in ſides with the vitreous pow- 
er, by ol excited wax, or with the reſinous 
power, by the excited glaſs tube. Or, the 
Leyden bottle, ſet on 1 eledrie ſtand, will 
be Wund to be electrified at both ſides with 
whatever power is thrown into it. | 
Mr. Franklin has aſſerted, that when the 
Leyden bottle is charged, the power, it acts 
with in diſcharging, is contained in the 
laſs,” and not in the non- electrics withinſide 
and withoutſide the bottle; in which he is 
certainly miſtaken ; for the different powers 
in the non-electrics are as much ſeparated 1 in 
charging the bottle, as the powers in the 
glaſs; and, therefote, in their reuniting, on 
the diſcharging the bottle, they muſt 200 a 
force to the diſcharge, roportioned to the 
electric powers . 
"MS will 


in them; and that fie 
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will be in proportion to their quantity of 
matter. Whic may be eaſily proved by 
putting a thin coating inſide . outſide the 
ttle, and filling another bottle of the ſame 
ſize with quick-filver, or lead and water, 
and a coating outſide of three or four folds 
of ſheet lead; the different force of theſe 
bottles will be eaſily diſtinguiſhed on the diſ- 
charge. And this experiment I have tried; 
and here I may obſerve, that if Mr. Frank- 
lin's five eight-gallon j jars had been filled with 
the moſt denſe matter in the inſide, and an 
equal quantity on the outſide, I think that 
1 — would have deprived any man of his 
ite. 
I cannot forbear again expreſſing my ſur- 
rize, that Mr. Franklin ſhould i imagine that 
ies elearified negatively (as he terms it) 
ſhould be without electric atmoſpheres, 
when all experiments ſhew the contrary. 
Electrify a piece of inſulated bog-down, with 
the reſinous power, or negatively, and you'll 
find all the fibres repelled in the fame man- 
ner as they are when electrified with the vi- 
treous power, or poſitively, as he calls it: 
Or, electrify the ſtream of a fountain, nega- 
tively, and you'll find it diſperſed into a very 
reat number of ſmall particles, in the yery 
me manner that it is when poſitively elec- 
trified. And from hence I made an artifici- 
al ſhower of rain, by electrifying the ſmall 
ſtreams of two fountains with the different 
powers of electricity, they were both diſ- 
n into very inne AIVIGIES , but A 
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the attraction of the different powers, theſe 
particles ran together at top, and came down 
in heayy drops, like a heavy ſhower of rain. 
Mr. Noel let, when he talked of an effluence 
and affluence, was ſo far right; but as he 
knew. not that it was an effluence of one 
power, and an affluence of the other 
power, it was e for him to explain 
the phænomena of electricity by his effluence 
and affluence of the ſame power. That 
there is an effluence and an affluence, may 
be proved by many experiments; but 1 ſhall 
only mention one. In one of my letters, I 
have mentioned the dancing of paper pup- 
pets between my table and a diſh ſuſpended 
from the conductor: When you dry the 
head of one of theſe puppets, the power 
| thrown out from the conductor cannot enter 
that puppet ſo freely, as the different pow- 
er which is attraQted from the table can en- 
ter at the feet, which are not ſo dry; and, 
therefore, there will be much more of the 
attraced power in the puppet, than of the 
wer thrown out, and therefore this pup- 
pet will aſcend to the diſh, and remain 
there; but reverſe this experiment by drying 
the feet and wetting the head, and the pup- 
pet will remain fixed to the table; becauſe. 
there is more of the repulſive power in the 
pou than there is of the attracted power. 
when there is retained in the puppet. ſo 
much more of the attracted power, a8 will 
balance: the gravity of the puppet, | than 
there is of the different power * 


- 
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from the conductor, the puppet will be ſuſ- 
pended between the diſh and the table. And 
this may be eaſily contrived in the ſhape of 
thepuppet ; for the head, being round, does 
not admit the power coming out, ſo eaſily 
as the feet, being ſharp, admit the power 
going in. This experiment, with gold leaf, 
has been tried by Mr. Franklin, and many. 
others ; but they ſeem to be ſtrangers to the 
cauſe that produces this effect; for I do not 
know-any one who has thought of the at- 
tracted power going into the leaf gold, &c. 
without which it would be inſtantly repelled 
from the electrified body. For it is not bare 
matter that is either attracted or repelled in 
electrical experiments; but the electrie pow- 
ers which are inherent or adheſive to that 
matter. But how theſe different powers do 
attract and condenſe each other, or how 
their atmoſpheres become repulſive of the 
ſame kind, I think, will not be readily diſ- 
covered; any more than the cauſe of gravi- 
ty and attradion, Kwong ad the ef are 
evident in both. 
I could go on to e lein all the ph 42500 
mena ariſing from electrical experiments 
(which I know of; ) but this would neceſſa- 
rily lead me into a great prolixity, and pre- 
vent the pleaſure which nen have 
in finding out theſe diſcoveries; in which I 
think they cannot meet with much difficulty 
when they fully conſider the co-exiſtence of 
oy different 2 in al os rg vr their 
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manner of acting on each other, and that 
they, are equally attracted. by all matter. 
It may now be expected that I ſhould ſay 
ſomething about the medicinal uſe. of theſe 
powers; but that cannot be brought | into ſo 
narrow a compaſs, as many may imagine. 
For, firſt, a moderate knowledge of medi- 
Cine is neceffary to know where the effects of 
theſe powers may do good or harm, vis. in 
ſhaking palſeys, and inflammatory rheuma- 
tiſms, &c. they are prejudicial. Next, anaccu- 
rate knowledge of anatomy, eſpecially i in pa- 
ralytic caſes, is very En ary; for, as one ſett 
of muſcles revive, an equal attention muſt be 
had to their antagoniſts, or elſe contractions 
will be formed, not eaſily reſolvable afterward. 
And here an accurate knowled ge of the ac- 
tion of theſe powers is abſolutely neceſſary, 
to know how to conduct them through the 
parts deſigned. I Was preſſed, by a very 
good a who was a patient of mine, 
and convinced of the amazing effects 
of theſe 3 powers in his own caſe, and many 
other, cures which he ſaw me perform, to 
write ſomething ſyſtematical on the curing 
of diſorders by the electric powers; and car- 
ried his compliments ſo far, as to tell me, 
that if I let that knowledge die with me, 
that I ſhould be anſwerable for it in the 
other world. But I anſwered him, if fo, 1 io 
it muſt be; for that T was then ſixty-fix 
years of age, which is a time men naturally 
grow indolent, except t 1 are Wanger in 
their purſuits than 'T was. n 


I may 


3 
3 
. 


. 
IVY... 4 


ai PP RE EA CE. 

I may here obſerve, that ſome gentlemen, 
very well verſed in electrical experiments, 
have publiſhed their diſappointments in ap- 
plying electricity to medicinal uſe. In the 
48th vol. of Philoſ. Tranf. page 786, Dr. 
Cheney Hart attempted to cure a paralytic 
arm of a young girl, about ſixteen ; but, on 
being the ſecond time electrified, ſhe became 
univerſally paralytic ; and when the additio- 
nal palſey was removed by proper medicines ; 
he tried electrifying the ſecond time; on 


which ſhe became univerſally paralytic again, 


and even loft her voice and tongue, and 
with difficulty could ſwallow. This made 
the Doctor cautious in the farther uſe of 
eleyicity:+, In the ;oth. vol. of Philoſ. 
Tranſac, page 743, Doctor William Watſon 
met with much the ſame diſappointment. In 
the ſame vol. Mr. Benjamin Franklin, at page 
481, ſays that he never knew any amend- 
ment in the paralytic patients, who applied 
to him, after the fifth day's trial ; but that 
they went home, and in a ſhort time re- 
lapſed. | EPS . 
From the great amendment, which Mr. 
Franklin ſays his patients had in five days 
time, I think they were all curable, if elec- 
tricity had been properly underſtood and ju- 


diciouſly applied. For, tho' I have cured a 
great number of paralytics, 2 in a few 
0 


recent caſes) I ſeldom knew ſo great an 
amendment in five days. But ſome have 
continued two, three, four and five months 
under cure, and haye found ſome amend- 


ment 
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ment ever day; and none of them ever re- 
lapſed., | have cured ſome, whom I really 


thought it was impoſſible Bhs cure; where the 


limbs were waſted. to ſkin and bone, and 
much contradted; yet, from a continued uſe 
of eleQricity, the, muſcular Heſh filed u BP, 


$4 5 b& 


1 Fe 4 young woman WO was Univer: | 


fally j aralytic, and had n not the, oy =, 
er To motion in Any part but her 
and neck; yet ſhe was, perfedly el 


and has ſo remained for ſome yeats 
Fu | 


Several paralytic patients whom I cur 
or a dozen years ago, al remain perfectly 
Well; as all that aye ſince cured alſo de. 


I have now. under cure an, old gentleman," $ 


between ſixty and ſeventy, who loſt his right 
ſide, and his ſpeech entirely, by a hemiple- 
gia; in a few weeks he has recovered the 
uſe. of his limbs, and in a great WS his. 


ſpeech ; and. Lthink. that he will 155 ed lrg a 


ly cured in a little more time. 1 
tion one rheumatic caſe, ecauſe 1 think 
it particular. Richard Seward” was fiftee wi 
years a pple, with the rheuchatiſin, and al 
99107 ofhis ho bod ly greatly contracted, that be 
uld. ſcarce] ped about on et rutches; in 

about fi five wee reftored bim the uſe of 
W he. 7 walk and run al- 


moſt As. Well .48, ever BY ccd have done, at an. | 


has ben II for f Exel 75 
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have been in almoſt all the caſes, in which 
I have tried electricity; but if I were to give 
an hiſtorical account of all the cures I have 
performed, merely by the powers of electri- 
city, it would make a pretty large book; 1 
muſt therefore here deſiſt: 

As I have” often” ſaid the electric powers | 
condenſe each other, and have given ſome 
experiments which T think fefficiently ſhew 
that they do ſo; yet it may not be amiſs to 
add a few more experiments to make it 
more evident to others. . 7 

Take two panes of clean ſaſh glaſs, which 
will lie evenly on each other ; ; place a ſheet of 
paper, folded like a letter, on your table; 
place the two panes on the paper; and a like 

r on the upper pane; then take a large 
glaſs tube excited, and roll your rube over the. 
upper paper; repeaf the exciting, and rolling 
_ tube five or fix times; at the laſt rolling” 

e-up your, panes, upper paper and tube to- 
cet deg beg? gel be the tube and 
upper paper; then bring the two panes, jdinted' 
together, to a piece of bog-down fuſpended by 
fk; ; you will find the Pas thus joined, have 
but very little effect on the down ; but ſepa- 
rate il nes, and each pane will be ſtrongly 
e the upper pane with the vitreous 
n. both ſides, and the under pane with 
yo 72 cus power on both ſides: 1 touch the 
down with either pane, and i it will be repel- 
led by that and attracted by the other. Place 
your panes together, as a firſt, and you will 
| find that the power ers condenſe each other, og, 
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as to have but little effect on the down ; but 
as you feparate the panes you will find the 
different powers to act as before. The panes, 
if they lie in contact with each other and 


* 
4 


experiment may explain all the tranſactions 
of the electric powers, For in exciting any 
electric the rubber always draws of EE 
of one. power as it adds of. the other, and 15; 


therefore always. electrified ,with,.a power, 


contrary.to the encreaſed power of. the exi- 
ted electric: and; when, an excited cleric: 
electrifies.an inſulated nonxelectric, it dra 


the other; and, therefore is itſelf as 
Ae e this, the 
2d thus, this, change goes.00 till-the pow" 
ers, become equal, to each other; ;whuch in 
nom electrics is done almoſt inſtantaneouſly. 
7 5 As 


15 | 


teleckrifies the non.cle@ric., 
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As I have faid that the magnetic pow- 
ers act by the fame laws as the electric pow- 
ers do, (larept that they do not change place 
from magnet to magnet, as the electric 
powers do from one body to another;) this 
may be ſeen by placing two artificial mag- 
nets fide by ſide, with the north and ſouth 
pole joined together ; in which poſition the 
powers attract and condenſe each other, ſo 
as to have but little effect on any iron appli- 
ed to them. ly two large magnets, ſo 
placed to a mf key, and they will not 
take it up; but ſeparate them but half an 
inch, and they will take it up; but when 
vou cloſe the magriets the key drops from 
them; which ſhewys that the powers then 
condenſe each other. | 

To ſhew that while” there's is an efflux of 
one power of electricity, there is alſo an af- 
flux of the other power of electricity, when 
amy non- electric matter is placed ſo near and 
in ſuch circumſtances as that it can be drawn 
thereftom. Take a ſharp pointed needle 
four or ſive inches long, ſapported on a point 
like a compaſs needle, and turn half an inch 
of each point at right angles with the ſhank, 
but conttary to cach other, and parallel to 
the horizon. This" needle, when placed 
upon the conductor while the wheel is turn- 
ig, will circulate with great velocity, but | 

— from the points; becauſe the elec 
tric fire flying off from the points acts forci- | 
bly on 25 . and is Aue eh ; 
on, Which occaſions this motion. But hold 


dms 


this needles three or * ned oder the 
conductor, and it will turn in the ſame man- 
ner, by a ſtream of electricity, of a contrary 
power 75 that thrown, oft from the conduc- 
tor, which is drawn in from you, and de- 
livered from the points of the Seeks to the 
conductor. Let this needle; be placed on a 
glaſs ſtand, at the ſame diſtance under the 
conductor, and it will not move, becauſt 
no electricity can be drawn through. it 
but hold a pin within an inch of the non- 
electric pedeſtal, and the needle willi im 
mediately begiui to turn ; 4 ſuffioient quan- 
tity of electricity being dran from you 
thn gh the pin. 0 211023 10 DIA ig! ks 771 
This ſtream of, a contrary power from all 
pointed or ſmall wires held in the hand, and 
in the atmoſphere of the conductor, While 
the wheel i is turning, is evident; but places 
on, or in clectrics the effect ceaſes. 3 
In my letters I have ſaid — en 
of activity of the electric powers is increaſed 
by heat; which may require ſome explana- 
tion. and is very neceſſary to be; underſtood 
in the rarefaction and condenſation of Vas. 
pour, Ge, and even of the air; for it is evſo 
dent that every particle of the air is attenda 
ed by the electric po wers; becauſe we can 
electrify the air — which ever power Wh 
pleaſe, and that either power can be drann 


the air in many 2 — am 
air — — 


hence many properticygf « 
Phones) i. its eleflncity,- powen.of. re- 
Ale 2 fracting 


- 
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fracting ligkit, conveying ſounds, entering 
into denſer fluids, &. Which! Mall Hot tow 


undertake. When I ſay that heat increaſes 


theſe powers, I do not mean that heat fe- 

or excites them to attract and repel 
other bodies by an exchange of powers; as 
I have explained that all eleritying is per- 
formed but that heat dilates and expands 
them by rendering them loſs deniſe, and con- 
icquenitly* more :oxtenfive in themſelves. 
This is evident fo me in many experiments, 
but if I were to recite them all 1 may get 
che bounds: of my readers patience. 


Take a glaſs tube and warm it well by. the 
fire, and when excited by friction, britfy it 
under a 


of bog-down ſuſpended by 
filk; at theUiſtance of two or three inches, 
aud chen teseh the down at the top with 
yore: finger, And withdraw the finger and 
tube at one time, the dovyn will be ſtrongly 


 eleagfied- with the refinous power; then 
rike your tube up againſt the down, you 


wilt find the down will ſtick cloſe into the 
tube, and the fibres riſe one by one ſlowly 
til the down becomes electrified with the 
vitrebus power, and is conſequently repelled 


from the tube But try this erperinene 
Wich a tube quite cold, 'and' you cannot ca- 


—— down Aick to it; which ſhews 
Mt che teſtnous power, which acts inward 
to the tube, is much more dilated ——— 


tube is Net. than when khe tube is eb 


better tried v 
1 believe 


This experiment r 


— glaſs. 2 
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1 believe that it is unneceſſary to ſay that 
the rarefaction of vapour, &c. muſt tollow 
when theſe powers are dilated. by heat, or a 
condenſation when they are contracted by 
cold; ſince it is evident that the particles of 
vapour, &c. are kept at a diſtance by theſe 
powers. But this explains a matter which I 
think has hitherto lain, in the dark; viz. The 
cauſe of rarefaction in vapour, &c. by heat, 
and condenſation. 1 cold. And may alſo 
explain how vapours may aſcend" in a hot 
day, and deſoend in dew in the cool of the 
and at night, without any exchange 
of the electric powers in the particles of dew. 
And may alſo explain _ other 9 95 
1 prolix to enter upon in this place. 

Since tlectricity does ally conſiſt of two 
A diſtinct elaſtic mediums or powers, 
which co-exiſt in all bodies, and act in the 
mariner which I have ſet forth in the fol- 
lowing tracts; and that Mr. Frakiin and ali 
his followers continue to attempt to explain 
the effects of electricity by one ſingle power ; 
I muſt beg leave to examine Mr. Franklin's 
pretenſion to the great honour which he has _ 
received for diſcovering the cauſe: of thun- 
der; which 1 claim as due to me. For if + 
electricity conſiſts of two different powers, it 
=!” impoſſible to explain, the effects by one 
power; and if electricity is the cauſe of 
thunder, it is as 2 explain thac 
canſe 2 an accurate nn of 
e 508738 ee 

C 2 | I have 


* * 
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I have already ſhewn that Mr. Franklin's 


1 fallible and inſufficient, and 


far from being founded on that evident truth 
vrhich ought to eonſtitute principles; and 
that his opinions and aſſertions, about the 
tions of electricity in and on glaſs, are 
demonſtrably falſe, and that his whole doc- 
trine of electricity depends upon the action 
of one ſingle medium or power, which ne- 
ver can explain the phænomena which ariſe 
from electrical experiments. c 


In his attempt to explain the cauſe of | 


thunder, he ſays that clouds ariſing from the 
ſea are highly electrified, but that clouds 
ariſing from the land are but little electrifi- 
ed; but ſurely his method of collecting elec- 
tricity (as he terms it) to electrify vapour 
ariſing from the ſea, is a very extraordinary 


He ſays, the ocean is a compound of wa- 


ter, a non- electric, and ſalt, an electric perſe. 
When there is a friction among the parts 
near the ſurface, the electric fire is collected 
from the parts below. . 
I believe that every one verſed in electri- 
cal experiments muſt think this notion ab- 
ſurd, and unworthy of ſo ingenious a man, 


though it is the baſis of his hypotheſis. For 

I am certain that electricity never was exci- 
ted by whirling a glaſs globe in a tub of wa- 
ter. As to his opinion about the aſcent of 


vapour; he ſuppoſes that the particles of va- 


pour are attached to the particles of air, 


and 
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and that they aſcend by that means; in 
which 1 think that he is entirely miſtaken. 
For, if water, which is a thouſand times 
heavier than air, be joined to air, it will cer- 
tainly make the mixed heavier than the cir- 
cumambient air; and therefore the air muſt 
rather deſcend with the water, than the wa- 
ter aſcend with the air. Every old woman, 


"Who has made pickle, knows that an 


will ſink in clean water; and that, when a 
yummy of ſalt is diſſolved in the water, 
e egg will ſwim. And this may ſerve as 
an anſwer to a late treatiſe, where the au- 

thor, from a ſolution of metals in pro 
menſtrua, would prove. that a ſolution of 
water in air, is the cauſe of the aſcent of 
vapour, &c. p 

I now find from Mr. Prieftley's hiſtory of 
electricity, that an analogy between lightning 
and electricity, was very early thought of, 
even before Mr. Gs time, and very often 
ſince his time. If Mr. Franklin had any hint 
of ſuch a conjecture, his propoſed method of 

roving the truth thereof was very rational. 

or if electricity was the cauſe of thunder. 
the only place he could ſearch for it, muſt 


be in the clouds; and from his acquaintance 


with electrical experiments he muſt have 
known that metallic rods were the beſt con- 
duQors of the electric power; and there- 
fore, by placing ſuch rods upon eleQrics, as 
near the clouds as poſſible, was a probable - 
method of trying whether ws w_ would 


| by. ed by electricity. 
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But this experiment, propoſed by Mr. 3 & 
Franklin, was firſt tried by Mr. D' Alibard, 4 oY 
Mr. De Lor, Mr. Le Monnier, and the Abbe 

Nellet, and others in France, and by others 
in different places; but, to the preſent time, 
neither Mr. Franklin, nor any of theſe ex- 
perimenters have ſhewn how theſe metallic 
rods became electrified, or how electricity 
could be the cauſe of thunder. Nor can this 
matter ever be explained, by thoſe who ſup- 

poſe that electricity conſiſts of but one ſingle 
elaſtic medium or power. 2 4 29914 
That electricity may be found in the 
clouds, is certain ; for it attends all the mat- 
ter in nature, which we are acquainted with; 
and, that the clouds may eleQrify iron rods, 
&c. in near approach to them, and placed 
upon electrics, is true; but this is far from 
ſhewing, proving, or explaining that electri- 
city is the cauſe of thunder. For, if only a 
communication of electricity from one body 
to another can be ſaid to be the cauſe of 
thunder, it may be ſaid that the electricity of 
the human body is the cauſe of thunder; as 
it will electrify other matters: W itneſs Mr. 

| Symmer's black and white ſtockings. There- 

J fore, a diſcovery that the clouds are electri- 

fed. is not a diſcovery of the cauſe of thun- 

der; nor can it be explained how electricitj 
in the clouds can be the cauſe of thunder, by 
any thing which Mr. Frank/in, or others have 
ſaid about poſitive and negative electricity, 
or a plus and minus of the ſame power, or A x 
that glaſs throws out this power, and that 


z 
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3 wax, refins, and ſulphur, &e. drink it in; 
i nor by any thing Mr. Franklin has ſaid about 
1 charging, or diſcharging the Leyden bottle, 

where he ſuppoſes that as one ſide of the 
bottle receives electricity, the other ſide parts 
with an equal quantity; and, when a com- 
munication is made between the fides, that 
the emptied ſide greedily drinks up the 
abounding electricity from the other {jde. 
Suppoſing this doctrine to be true, I aſkany 
thinking man, how he can from thence prove 
that electricity in the clouds can be the cauſe 
of thunder? For, tho the Leyden bottle gives 
the ſtrongeſt indication of an analogy between 
electricity and lightning, yet there are not 
any bottles, or glaſs, in the clouds, to produce 

5 this effect, by having one fide filled and the 

» | - other emptied: And Mr. Franiin-aflerts, 
that the power of the Leyden bottle is lodged 
in the glaſs, and not in the non-elearics 
within and without the bottle. How then, 

does his increaſing the force of this bottle, by 
adding a number of bottles together, give us 
any proof that electricity in the clouds 18 the 
cCauſe of thunder? Or, if electricity is but 
one fingle medium or power, as he aſſerts, 
by what known principle of motion is that 
power put into action? Or, What is che 
manner of that action, to produee thunder? 

I could eaſily take Mr. Franklin's doctrine 

of electricity to pieces, and ſhew that it is 
impoſſible, from the whole, or any part there- 
of, to prove that electrieity is the cauſe ef 
thunder; but I believe that it is fufficient to 

Jan a C 4 ; ſay 55 
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ſay that he has never thought of two differ- 
ent diſtin powers exiſting in electricity, or 


their co-exiſtence in all bodies, or their man- 


ner of acting on each other; which all ex- 
periments ſo clearly demonſtrate, that I am 


ſurprized that ſuch an ingeniqus man, after. 


all his experiments could have miſſed this 


diſcovery ; without which it is impoſſible to 
explain the cauſe of thunder; or any effect 
ariſing from electrical experiments. 

Mr. Franklin's metallic rods, placed from 
the top of high buildings to the earth, may 


probably prevent the injuries of thunder, by 
conducting the electricity of the cloud to the 
earth; but as he ſeems ignorant that an 


ual quantity of a different power of elec- 
tricity muſt be conducted from the earth to 
the ed is produce thundes; it Thewe that 

he is not fully acquainted with the uſe of theſe 


rods, or the cauſe of thunder; for the electric 


powers are never rendered viſible, except in 
their paſſing from one body to another, in 
oppoſition to each other; when they con- 


denſe each other into the form of flame, 


and perform many of the effects of fire, but 


more inſtantaneouſly than any fire which we 


are acquainted with. And I am really ſur- 
priſed to find that ſuch a number of ingeni- 
ous men, after a courſe. of experiments for 
ſo many years, have not diſcovered the co- 
exiſtence of theſe different powers of electri- 
city in all bodies, and their mannex.of acting 
on each other. Without which knowledge 
it is impoſlible fully to explain any r 

2 + 2 5 ng 


—— 


RR 1 1 


ſing from electrical experiments, particularly 
* the moſt forcible ones, ſuch. as thunder; 
or theſe are cauſed by the great attraction 
3 | and condenſation of the different powers 1n 
f paſſing in oppoſition to each gther from one 
body to another. And if it be duly conſi- 
dered that in all excitation and communica- 
tion of electricity, there mpſt be a recipro- 
cal exchange of pas different powers to each 
body; it will explain all the phænomena of 
electricity which I know of. And tg this 
ſhort rule have I reduced it, after all that has 
been ſaid about it. For the rubber takes as 
much of one power from the electric, ag it 
gives of the other; by which means the rub- 
ber and electric become equally electrified 
with the different powers. And the ſame 
exchange is made in all communication of 
electricity. # 1755 
Mr. Franklin and all his followers were 
led into error about the impermeability of 
glaſs, and the manner of charging a bottle, 
1 | by his obſerving that when a 1 ark was ta- 
Pp ken into the bottle, an equal ſpark may be 
taken from the outſide ; which made him 
imagine that there was ſome ſtratum in the 
middle of the glaſs, which prevented the paſ- 
ſage of electricity, and that as one ſide was 
filled the other fide was emptied ; and that 
when a communication was made between 
the ſides, the emptied ſide greedily drank 
up the redudancy of the filled fide. But had 
he known of the two powers, and the rule I 
have now given for their changing from S 


-* 
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dy to body, he muſt know that when a ſpark 
of the vitreous power is taken into the bot- 
=» an equal quantity of the reſinous pow- 

er goes from the inſide of the bottle to the 
conductor; by which means the bottle is 
elefrified with the vitreous power ; but 
when you apply a non-eleQric to the out- 
fide of the bottle, part of the vitreous power 
goes to the non- electric in exchange for an 
- equatquantity of the reſinous power drawn 
to the outſide of the bottle, which reſinous 
power 1s held there by the attraction of the 
vitreous power on the inſide of the bottle. 
And thus this exchange of powers goes on as 
far as the powers can be ſeparated between 
the globe and cuſhion. ' 

Place a charged bottle upon an electric 
ſtand, and let a piece of bog-down, or cork 


ball, &c. ſuſpended by ſilk hang againſt the 


outſide of the bottle; when you touch the 
outſide with a finger, the down, &c. remain 
quiet by the ſide of the bottle; but then 
touch the top of the bottle and the down 
flies off ſtrongly electrified with the reſinous 
power; and thus you may go on for a great 
number of times to alter the balance of the 
wers withinſide and withoutſide the bottle, 
Tele touching the top and bottom. 
can Mr — an gentleman fp 


poſe that it is the return of his plus or poſi- 
tive power to the emptied pores 25 the bot- 


tle, which electriſies the down minus or ne- f 


gatively ? But the truth is, that when' you 
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touch the top you take a ſpark of the vitre- 
ous power from the inſide, and in exchange 

ive as much of the reſinous power to the in- 
ſide; which leſſens the attraction of the vi- 
treous power withinſide the bottle, which 
leaves the reſinous withoutſide in greater 
quantity than the vitreous withinfide, and 
conſequently at liberty to exchange powers 
with any non-eleQric in contact with it; 
and thus the down, &c. become electrified 
with the refinous power. Or take two ſheets 
of paper folded like large letters, and place 
them upon your table, with a pane of clean 
well dried glaſs on each paper; then take a 
large glaſs tube, well excited, and roll it 
over one of the panes, then take up the 
pane and tube together, and inſtantly with- 
draw the tube; you will find that pane 
ſtrongly electrified at both ſides with the re- 
ſinous power; or negatively and minus, ac- 

cording to Mr. Franklin's terms ; which he - 
ob is a thing that 3 be done. = 

etters, printed byR. Cave, 1, 72. ſecond 
ca R : this tenths 24d while 
your pane is electrified with the reſinous pow- 
er, lay it on the other pane for four or five ſe- 
conds, then take up your panes together, and 
then ſeparate them; you will find the firſt 
pane ſtill electrified with the reſinous power, 
or minus, and the other pane electrified, at hoth 
ſides with the vitreous power, or plus. Now if 
Mr. Franb iin, or any other man, can frame or 


: 


train 
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ſtrain an hypotheſis toexplain, by the action of 
one ſingle power, how a body, diveſted of its 
natural ſhare of that power, can give ano- 
ther body a ſuper-natural or additional ſhare 
of the ſame power ; I think they will over- 
ſet all the rules of reaſoning which I know 
of; for I think it is a confirmed maxim, that 
no body can give that, which it has not. 
But this matter is eaſily explained by the 
doctrine I have all along given; the firſt 
pane, having a greater quantity of the reſin- 
ous power, repels the reſinous power from 
the ſecond pane, to the non- electric under 
it, and attracts an equal quantity of the vi- 
treous power from the non- electric into the 
pane ; by which means that pane has an en- 
creaſed ſhare of the vitreous power, which 
encreaſed power will, by its ownelaſtic force, 
d itſelf into an extenſive atmoſphere, 
and therefore the pane will be electrified by 
that power. | 9 5 
Some gentlemen I think have reaſoned 
themſelves out of their ſenſes, and denied 
the exiſtence of electric atmoſpheres, and ſaid 
that Mr. Franklin's doctrine would do bet- 
ter without them. But I would aſk theſe 


gentlemen a civil queſtion, whether it is 


mere inanity which knocks down. ſteeples 
and towers, rends trees, tears up the earth, 
kills men and cattle, ſets places on fire, &c. 
or I might ſhorten the queſtion: by aſking, 
how mere inanity or nothing can act? but 
tis would be a diſpute about nothing. = 
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If gentlemen had been content to confine . | 


themſelves to facts, I mean ſach effects as 
are evident to our ſenſes, I think that they _ Fa 4 A | 
muſt have neceſſarily diſcoveregtheexiſtence a 
and co-exiſtence of theſe different powers in 
all bodies, and their manner of acting on 75 
each other, and their being acted on by all 9 
matter; which would have prevented their 
running into ſuch vague conjectures and 
ſtrange ſtrained hypotheſes to explain 
theſe effects by a ſingle medium or power ; 
while it 1s ſelf-evident that two different | 
mediums or powers do really exiſt.” T” 8 : 
If what I have faid already is not ſuffici- 
ent to prove the exiſtence and manner of act- 
ing of theſe different powers, I ſhall always 
be ready to give any Greet explanation, in 
my power, to any unprejudiced enquirer, 4 
who thinks it worth the while to apply to me = 
about what he thinks doubtful. * 
In one of my letters I have confeſſed Haw = 
ſlender an acquaintance I had with electrici- 
ty, when I wrote an hypotheſis to ſhew the 
_ cauſe of thunder; for that I had never read 
a line or converſed with any one on, or 
about electricity; but that hypotheſis, and 
Hu on the aſcent of vapour, &c. being 
pted by the Royal Society; and the on- 
Wa =; that ſtands recorded in the Philos. 
Trans. and, as far as I can yet judge, as cor- 
rect as any thing publiſhed on that ſubject; 
as far as electricity was then underſtood, or 
from any thing I have fince ſeen publiſhed 
about 
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about it; I was encouraged to apply myſelf 
to electrical experiments, and to write the fol- 
lowing tracts; in which I think that I have 
demonſtrated that electricity is the cauſe of 
thunder, as far as the nature of the proofs 
can poſſibly admit; and have given a clear and 
eaſy doctrine of electricity and magnetiſm; 

which will fully explain all the effects, which 
I know of either. I have often fince ſeen and 


ſhewn, to gentlemen in company with me, 


clouds approaching each-other with an en- 
creaſed velocity, by their mutual attraction, 
and could. Sretel to them, to a few ſeconds, 
when the flaſh would happen. 

It would be an endleſs all to Ht a all 
the falſe reaſonings, and miſapplied experi- 
ments which I have ſeen publiſhed about 
electricity; and therefore I muſt here deſiſt. 
But, 41 have ob jected to ſame of the prin- 
cipal writers on eledricity,. 1 f . that 
their partiſans. will object to what I have 
wrote ;: but I ſhall not 0 myſelf with a 


reply, 51111 meet with ſomething more expli- 
eit and wel ible on electrieity, than any 


thing which I have. yet met with. 

3 Cab Fn that they may object to 
my manner E becauſe Ine ver took 
2 88 of What I intended to ſay, nor ever 
ſtruck out a line which I did write on that ſub- 
ject, except a few in the beginning, where I 

ad faid that electricity may be the ther of 
Sir e N . was W in- 
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formed to ſhew how it may anſwer his pur- 
I know 8 
nalen the characteriſtics of his æther from a 
late writing of that great man; where he en 
deavours to make it the cauſe of gravity but 
Jhave ſhewn, in my letters, that ſuch an 
ther, as he there ſuppoſed, could not have 
anſwered any of his purpoſes. I now think 
that the electric powers, when properly un- 
derſtood, will appear to be that ſubtile me- 
dium which ſuper vades the ſurfaces of all bo- 
dies, and will be found ſufficient for tlie re- 
flecking and refracting of light, and mor fit- 
ted for that purpoſe, than any medium Sir 
T/aac Newton could have poſſibly ſuppoſed; 
for it was not poſſible fe the tlien known 
powers of nature, or laws of EO 
poſe the-exiſtetice of two ſuch fubtile 
mediums or powers, acting im the — 
which they d on each other, and their be- 
ing equally acted on by all matter, till ts 
knowledge was deduced from theit effects; 
which in his time were very little known; 
and to the preſent (by all 1 have ſeen pub- 
lifhed) but very little underſtoodl. | 
As to the matter ef what I have wrote, it 
appears true to me, and I believe will doi ſo 
to / Unprejudiced reader, who will-give 
hmaſc the trouble diligently to enen 
16%. | 111187 Of 12+: 
„ Ny reste for publiſhin derem 
in tho firſt place, Kr e gr 
deal ef trouble ce cheſb haue — | 
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JJ 
enquire into the electric powers, and their 
general laws of action; and then to appeal 
to the unprejudiced part of mankind, whe- 
ther thoſe gentlemen of the Royal Society, 
who call themſelves electricians, have done 
themſelves honour, or me juſtice, in ſup- 
preſſing, and not publiſhing theſe tracts, 
which were addreſſed to the Royal So- 
ciety. By which means, they have given 
Mr. Prieſtley, one of their own fellows, an 
opportunity of ſtealing my doctrine, and 
making it his own, by way of hypotheſi is, in 
his hiſtory of the preſent hate of electricity; 
though it is plain, from what he wrote, pre- 
ceding and conſequent to it, that he did not 
underſtand it; which I could eaſily point out 
through the whole. l hey have alſo defraud- 
ed me of the credit juſtly due to me, for the 
diſcovery and full explanation of the cauſe of 
thunder; and for a clear and eaſy doctrine of 
| electricity and magnetiſm, &c. as contained 
in thoſe tracts. The truth of which doctrine 
has been verified to me by a very great num- 
ber of experiments, and a continued applica- 
tion of the electric powers to various purpo- 
ſes, for many years; bender in medici- 
nal uſe; by which I have performed many 
cures in n caſes, which our phyſicians 
here thought miraculous ; and, in truth, they 
peared to me in the fame light; if a mira- 
= be that, which is above our knowledge of 
of hature. I know that miracles 


the 


have been defined to be above or contrary pP 
t 


PR BF A ( 
the laws of nature; but I think that 
nothing can be above or contrary to theſe 
laws, which were eſtabliſhed in variable, by a 
Being of infinite Power, Wiſdom and Good- 


neſs to his creatures. 


Liſmore, in Ireland, TM 


Theſe papers are not to be ct 
as one work, but as the gradual invention of | 
the author, as they are all his own; for eve- 
ry body was then fond of being firſt to pub- 
liſh their new diſcoveries in this ſcience of 


clectricit f — 
* f ; 5 "os 8 7 f 


Fd % * , 
— , * 5 : 0 
- * * N 0 "op 
1 2 1 Fa . ; 4 1 „ — 4 
E · - - * „ — 
3 {# 8 * a 7 + &. * - * ; , N 5 . 
— N 3 L f 
* 


K 0 * - | 


* 

” 3 4 4 } {+ oe * * 
F wy \ \ af 1 W * 4 
FE "J ” 5 a — : 

* ' | x N 
T . 

EY "=. — # : ; E * f 

. . 7 ; , 
* , 1 
| — * 


- * 4 
S428. % 0 4 * — * 4 We 4 
: : l * 
n - 
% ? — , - 4 4 : 
F 
»- a a a 2 * Wy 
: 1 8 * * - % 
9 — ws 4 | #1 
ny 
£ * 3 * 0 — 5 © ; 
* s 1 N ' 
n . — 3 : C4 kn * > * 
* _ : . 
o Fl . * - 4 2 . % * 
— 1 * + »4 . 1 W * - 
. * oy 4 
> ; f , } 3 ? - * 4 1 
+ 4 „ 82 ; Ss at 
% 4 * * P * 1 - "> Ry” * ; 
| \ 1 a 0 4 a 4 
” N 4 ung ot f 4 3 
* 0 , 
_ 4 3 * as ; o —_ N 
bo. * 4 4 : 4 ; 8 | 
75 ö ; * . . ? 
* i 1 - W 1 
X * N 4 4 
b i 4 s F 3 — 1 4 X 
. * 1 
7 * nos s a * 8 i 1 8 * 
«14 5 f g ; , 
. g N * * 
* ; F 4 ö 5 | 
* ' = * . 1 
& . c | 'F 1 
0 2 | | 
2 * E : « * 0 ; 3 8 0 Gn. 7 we 
* ** | * ” "M 2 | 
= * » * * 5 * : 
7 im wy * 1 , ; 
ke. - s +4 * * % wy £ «© ; 8 
; - 1 # Cy N * 
9 7 * K 1 =] * 4 4 . — 4 &% © 4 mY c * 5 Sd 
9 * o * U — 4 5 kt T7 * 
— Py " * 1 14 R i 5 
* 4 Y 2 wh 7 * ** 1 - „ 
by * * 5 -- - —_— . ig we 
. oY 4 
1 * >. ot * 
* 
5 * 2 4 f , 5 
"Y as. we. v4 * * 2 24 
* 2 + þ l 
*% 4 z i 4 CA ” 5 < — | 
_ * * # b | * 
55 = 3 a * 
4 1 * # * 1 4 
wy * 0 * * 40 
8 * ny * * * . 
1 . 
bu : | : N | * — S 
* = —_ 9 Ny ; : | 
* 
— 
4. 8 "=, _ ; i 4 £ 
4-4 10 2 ou - 4 ; . a 
. «4 oy - 
%4 . — — , 1 J — * * * 4 K 
td... % * 1 . 
| | , * . 
® 4 * * 5 4 7 Y | 
s — 4 2 a : * a « T s * ; : 
1 4 p w ; 
y 453 43 ws 0 — irre 
* . 
* 
- 
% 
4 


TIES 


a ” ad 1 4 * + 
A D 
Fo Bog gd of et nn TIES SEL aka 4 24+ ow 
#1; 1 4 4 #*. 3 : 4 oy ef 54 0 A = 444 & 
1 "= ſ * 
4 
hs Y - = a — * 
4 74% £# £% {+ T4 OL * 1 7 1 1 ; © * 4 
1 0 — 2 — 118 4 . I : , * WHY 
— ! * 
* ond 3 
5 1 "ww £4, % * SS LS > as 
s 7 $3 * 4 4 1 4 

# } 2 1 * 1 4 « - * S D — ” 


— 


32 272 898 


W 


n n 1 Liſmore, 20th Sept. 1751. 
e . 28 
HE reateſt men of moſt ages | having 

1 - thought it worth the while to kack e 
what was the cauſe of thunder, and the 
world ſeeming to acquieſce in an hypotheſis 
ſubſeribed ſome great modern names; it 
muſt appear preſumptuous in x to offer 
you ſome thoughts for a theory intirely N 
t leaſt it, is fo to me) N J can 
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5 . 
that the ſormer hypothſes are ill grounded, 
and far from being ſatisfactory. In order to 
which 1 fhafl- 8 to the lateſt (to 


I think the baſis that this hypotheſis ſtands 
on, is the authors aſſuming an analogy be- 
tween thunder and fired gunpowder; and then 
provigthat there are fulptureous and nitrous 
particles in the air, they leave them to take 
fire by fermentation or ſome other accident, 
and from thence to form thunder. _ 


- Fieſt, the-analogy is not juſt ; for there is 


not any thing ſimilar to thunder in fired gun- 
powder, except the noiſe. Which may be 


ſhewn from the different direction of their 


Sire, and-their-yery different effects. 


circumference, with equal force at equal diſ- 
tance every way, by propelling the circum- 


ambient air by the exploſion it makes. The 
fire of thunder acts in rectilinear angles (as I 


have ſeen, and as any body may who will ob- 
ſerve it) with ſuch ſubtile and diſtinct effects, 
as cannot be explained or imitated by the fire 


ficulties in the formation and firing this fyp- 
poſed aertal $unpowder. And firſt I think it 
nconceivable that the ſulphurebus and nitrous 
particles ſhould coaleſce wilt {ne other tin 
known third body, in the place of charcoal, 
in fuch exact proportion as is neceſſary Sen 

make 
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Fired gunpowder acts, from a center to a 


of gunporider.” The hiftory of which fits | 
is too well known to nerd a repetition hete. 
I ſhall go on to ſhew ſome inſuperable dif- 


— 


. } 1 
make empower: of any; „and td 
form a body compact enough ee * 
of thunder, hen fired in theben air. 
ſuch a body muſt neceſſarily ;daſcend. Fig its 
own. gravity long before it arrives to'abulk 


ſufficient for the purpoſe. And ſecondly, Ito 
it contradiQory to all experienee, that ſuch a 


coalifion of nitrous particles ſnould evet hap- 
pen in the common ſeat of thunder; which is | 
in the maſt collected ſhowers which deſcend: ; 


for there the nitrous particles muſt be abſozh- 


ed and diſſipated in the water; in which 
ſtate I think jt it impoſſible for them to take fire, 

"Theſe and many other conſiderations (too 
prolix for the compaſs of a letter) induced 
me to ſearch for ſome other cauſe of thundes, 


Which I think I have diſcoveted in that ſige 


4 


which is made opparent, in lee CO 
ments. 
This fire pervaden and doen: to moſtbas! 


dies, while it flies and cannot be brought to 


mix with ſome particular bodies. I thall here 
only mention two; air which it flies and 
ſhuns, and water which it more intimately” 
pervades, than almoſt any other body. I mutt: 
ary pong that/this fire does not only per- 

vade bodies, but that it ſurrounds and covers 
them to a certain diſtance from their ſuner- 


ſicies in proportion to the ſtate of its activi- 


ty; Which is engreaſed. by heat. And that 
when it ic artificially ot accidentally pretruded 
upon any body beyond its natural affection, 


it will fly off to the next approaching body, 
is not ſo much impregnated with this 
D 
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fire, 
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fire; and when it departs in any conſiderable 
quantity, it makes a conſiderable noiſe or 
crack. All which is eee by electri- 
cal experiments. 

Now to ſhew that this fire 18 the real cauſe 
of thunder, we need only conſider it attend- 
ing every veſicle of humid vapour wig 
into the atmoſphere, and covering its ſuper- 
ficies to a certain depth, which I think it 


muſt certainly do. I ſhall not here ſpeak my 


opinion how far this fire is the cauſe of va- 


pours aſcending; becauſe I ſhall trouble you' 


with that hereafter. 

Having got the vapour aloft attended by 
this fire, without afligning any cauſe for its 
aſcent, ſo without aſſigning any cauſe for its 
deſcent, I ſhall let it come down as uſual, 
which is in drops much larger than the veſi- 
cles in which it aſcended. Now in the coa-' 
lifion to form theſe drops, we muſt conſider 


what becomes of our fire; for the ſarface of 


' theſe larger drops increaſing only as” the 
. ſquares, bot their ſolids as the cubes of their 


diameters, the fire which ſurrounded the ſu- 
perficies. of the veſicles muſt be protruded 
to a much greater diſtance from the ſuperti- 
cies of the larger drops, and by that means 
made more in proportion to the larger drops 


| than its natural affection would have made 


it join them with, and conſequently rendered 
more apt to fly off to the next approaching 
or approached 2 wy ſo uu Es + 
by this ” 

1 have 


— 
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I have obſerved before that the o 


ſcat of thunder is in thoſe clouds Which are 


moſt compact of humid vapour, and which 


deſcend in the heavieſt ſnowers, and that « ge 
nerally in warm weather, when the adjacen oF 
atmoſphere is ſerene; fo that the kumjd va 
urs are almoſt all collected into this chain 
of clouds, where according to the compaction, 
there will be a body of this fire collected (rea- 
dy to fly off) ent to perform the greate 
effects of thunder. Which may be cafily 
computed from the force of electrical experi- 
ments; where the ſmalleſt portion of this fire, 
flying off from an electrified body, makes an 
audible crack, and is able to give a confider- 
able ſhock. © What then muſt be the force of 
this fire when it is ſo collected as to break 


from a cloud in a body of fire two or three 


hundred yards in length? which T have « 
ten ſhea, OE 
No ſome of theſe clouds Gele ig in their 
4 t and the drops increaſingin their ma 
nitude, there is à vaſt body of this fire = 
lected more than what would naturally ad- 
here to theſe drops and their ſurfaces ; ; which, 
being rendered more active in its vibrations 
by the heat of the lower part of the atmol- - 
ere, the ſphere of its affection (pardon the 
word, for I have no other) is alſo increaſed in-. 
drtion to the body of fire, which enables 
it to fly off to clouds (abt ſo much im regna- 
ted) at a confiderable diſtance, with that vio- N 
lent crack, ſo much taken notice of, tho! it 


2 
| : 


is far from! being the moſt wonderful of its 


FORE: D 4 effects ; 
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ects b 36 JP) influenec 
9 ily eſcape, by th bach be 


gue offen 


5 heat L the [a er atmoſphere, befare 
de i in the ſphere of its Se for 
bodies on the ſuntace of the carth., .. 
There 1 1s a ſpbſaquent rymbling noiſe 
after the firſt crack OF: 21 70 thunder, js 
this BEN docs lug "Ul break off 7 pe 


„ibo 


whi been taken notice qt 5 
eounted fer 1 I think 0 net is or can 
1 more .than cohges RIA 
which at this time are he: denſe 1 
. that purpoſe ; and then. e 
tẽt in | proportion to the times of its bging re. 
turned, I think ſufficiently proves it. 
As to the ſubtile effects of thunder, I ſhall 
1 > YOU to compare them with thoſe af clec- 
tricity, only allowing for the different force. 
cl fire, which is ſo — greater in thunder 
than can poſſibly be NY from artificial 
Fans and I believe the analogy will 
plainly appear. 1 ſball only hint that — —4 
one body has been injured by thunder, and 
another (tho in ahi with 0 has remained 
untouched, that the latter will be found to 
be of, that kind which electrical fire will not 
join with. 


I muſt beg you will let me know whether | 
this theory is worth your acceptance, for 1 


fear that Iam like a fond mother, blind to the 

mperfections of my own child. I have dand- 
led this opipion theſe, ieee months paſt, 
ſill ſeari 
ficad al 


ing its defeQs, I begin, aer 


e lay i it before Get L And now n. 


/ 


PE 
that it has the face of truth and demonſtrati- 
on. If you think this diſcovery worth the 
purſuit, I ſhall yenturs:to. trauble you here- 
after with ſome farther attempts, to ſhew that 
this fire is a moſt conſiderable agent ſiũ na- 
ture. 20 28 1. cls 10. 1 e p 

I Firſt that the akcent of vapour and l- 
ation is prineipally owing to itþ and: that aur 
atmoſphere; by that meaus is kept mare homes: 
geneal than is generally ſuppoſed, and fitter 
Tor reſpiration, viſion, & c. 9 — 

etorogenedus Matters are uſpended at 
their uſual height merely by this fia 
_ Secondly, I ſhall preue that this ird is the 
cap of ES refraction, and Jnfletion 
ight. oozes dw N ee 

Thirdly 1 ſhall Sade vent to hewthat this 
fre) is the . that ſecondary attraction and 
2 tha Mr. Nenton has” taken no- 

1 un 5d 11506 N AN 
ally 1 thall give ſome hints of the great 
uſes of this fire in animal life and vegetation.” 


mage 


What further I have thought ofthis ir 
not now trouble you with. Lam, you 
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* \# Sentthivlitter dated? 5 
to the Preſident and Council, n Noyal 
i hg London. _ 
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8 IR; —— Nov. beer ory 
i U R ag of the 18th of June laſt, 
I. to: the Royal Society, concerning the 
— of thunder, came to my hands after their 
ſummer receſs, fo that it could not be pre- 
ſented to them till after the reſuming of their 
weekly meetings this month; on the 16th of 
vhich I read it to them, and received their or- 
ders to return you their thanks for it, and their 
deſire of your thoughts + the other r. | 


which you mention. 
Your hypotheſis, with el to thinigaich; 


is juſtified by the experiments made in May 
laſt, and feveral times fince, upon thunder- 
clouds in F rance, and verified by others in 
England; of which the world will have full 
ſatisfaction in the volume of the Philoſ.' Tranſ- 
actions for the preſent ycar, now in the preſs, | 
and to be publiſhed about February next. 

Any of the future communications, with 
which you ſhall favour the Society, will find 
me at my houſe in Norfolk-ſtreet, in' the 
Strand, or at that of the Society, in Crane- 
Court, Fleet ſtreet. I am, | 

3 SIR, 
_ _- Your moſt obedient humble ſervant, 
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RECEIVED your letter of the 25th Nov. 
75 1752, in anſwer to my letter to the Royal 
Society, concerning the cauſe of thunder. As 
you tell me that they have honoured me with 
their deſire of my thoughts on ſome ſubjects 
mentioned therein, T Have ventured 10 1 ad 


melee i in two packets, y this poſt.” 5 
I fear that the Society: will think 55 letter | 
too hypothetical; ' our great modern philoſo— 
pher having in ſome meafure-condernned the 
uſe of hypotheſes. But I muſt boldly obſerve” 
that, that objection is made in a part of his 
works which is entirely hypothetical ; I mean 
his Queries at the end of his third book of 
Optics. And I fhall venture to ſhew (if the 
Society will have he to hear me) that 
cher is a great deal hypothetical in his ſecond 
book of ' Optics ; reels Fo thinks — — 
more aſcertained. For he there ſpea 
ty poſitively of four cauſes for the gre + * 
&c. of light; three of which muſt be . g. 
and the urth, (his ether) in the manner he 
has propoſed it, can never be ſufficient for the 
rpoſe. Not that I intend impudently to 
blame that truly great man, but to endeavour 
to inveſtigate the cauſe of reflection and re- 
fraction of light, by means not made ſenſible 
to mankind in his time. 


Imay 


10 ] 

I may alſo obſerve, that, if his hypotheſis 
had not preceded his calculation, the world 
had never been obliged to him for his great 
doctrine of attraction. For at firſt he only 
ſuppoſed. the power of gravity may extend to 
the moon; and that ſhe may be retained in 
her orbit. thereby ; - but when he made his.cak 
culation, —— miſtaken ſixty Engliſb miles 
for the meaſure of a degree on the ſurface of our 
ent he thou that ſome other power muſt. 

ate with that of gravity, to 4 — the 
moon in her orbit; and, for that time, laid his 
attempt aſide; till Picart,in France, meaſured 
«dogs, and found that it contained about ſpx- 
ty-nine Enz74/þ miles and an half; and then, or 
ſome; years after, our great author, having re- 
ſumed his computation, found that the power 
of gravity. was alone ſufficient to keep the 
moon and planets in. their orbit; eee 
proved his hypotheſis. 

Indeed, in works of invention, 1 605 
how it is poſſible to proceed without ſomething 

1 Sy the ſux _ muſt eyer 
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5 B T T BE R "WL. - 
era Lese, löth Bos 156 3. 
HE great honows you Hawe dens ung in 
accepting my letter conrerning the cauſe 
of Wande has emboldened me to proceed, in 
part of 3 — 3 — 
vour to ſhew, that the fire, which is made ap- 
parent by electrical experiments, is che princil 
pal cauſ of the aſcent of vapour and exhalati- 
on; and that the lower part of our 
is, by that means, kept more l cneal; than 
is generally ſuppoſed, n 
viſion, cc. and that dlotids:of heters 
matters are kept bees. at their aal 
Height, merely By this fire. 
Jo which Thabe added fornethings | 
ing the cauſe of the winds; and — 
; neva pfrænomena of the weather and ba- 
; 21 nne Aug IH 19410: 
je ads a — 
received opitiions, it may he ch 
Kee to make forme: 9 offe rug ry 
un. but 1 ſhall not take up your time 
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doing; 


| 12 

doing; ; for, if they carry an appearance of 
truth, I need not make an apology for them; 
if they appear falſe, they cannot injure thoſe 
opinions Which they contradict ; and then I 
have but one apology. to make, which is, to 
acquieſce, and ſincorely aſk your pardon for 
having troubled you with them. 

It is agreed that the aſcent of vapour and 
exhalation through the air may be effected two 
ways; by impulſe, and an alteration of their 

| ſpecific oravity.; _ 

That vapour does not l aſcend by 
impulſe, may be proved by many familiar ex- 
periments, via. Put boiling water into a veſ- 
ſel, and then empty it, and hold the veſſel with 
the aperture downwards; the vapour which is 
afterwards expelled from the veſſel muſt be in 
a direction downwards.; but we find that, as 
ſoon as it has got but a very little below the 
rim of the veſſel, it has its direction altered, 
and aſcends by the laws of ſpeciſic gravity. 
The ſame thing may be obſerved in all boiling 
veſſels where the vapour is emitted in adirec+ 
tion downwards; or in cold weather, when 
the vapour of a man's breath may be ſeen, let 
him breathe downwards, and the direction of 
his breath will be preſently altered, as in the | 
former caſe. | 
: Since vapour does then, Gund without 4 any 
other! im 2 than that 2 - incident. on 


cent. 1 0 d l fon mY 
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particle 
altered in their ſpeciſic 
that — fol 


1 as 

This is generally ſuppoſed to be dotie, by 
filling 3 w_ water with/ratifiedair, until 
the x Fenn of the veſicle be ten or more 
times; the diameter of a dr compoſed of tie 

fame conſtituent parficles of water; and that 
the veſiele by this ; means becomes ſpecifically 
8 MORT - Sogtit 10,GOLeh 1 
But I think that this cannot be done ſo ca- 
"ts it has been generally i ed q and, 
done, it will — 1 for the 


d: which will appear from the fellow · r 
po — Hg mrw' Firſt, the great difficulty | 


in forming choſe veſicles, efpecially-ob the: 
ticles of dry bodies;: carried off by exhala 
and ck with rarified/air;white theex- 
terior air remains condeiiſed. Sebomdiy that 
there is not any allowanbe made for the weight 
of the included air. Thirdly,” the conſtituent 
Sof 3 very Serge (if at. ally 
* Fountly, 


between the exterior dale Poke 
and the interior air ſo exceedingly raritied. 
And therefore as the denſity of dir is propor- 
tional to the foro com git it follows 
that the interior air muſt be ſuddenl paſar: 
ſed; arid the veſicle with it, Cn of an 
equal denſity with the enterier ain; in Uhich 


ſtate the veſicle is not more fitted fut aſcend- 
ing, thari if therſame/conflituent warty 19 75 
cles were formed intola ipherical drop. 
For here Imuſt beg leave to ey PIR 
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ſpecific gra vity of 
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enereaſos according tothe mumbet of pa 


- cube-whoſe ſide is » finds; Hwa 
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ed writers on this ſubject; who aſſertitliat the 
169 is altered dy a mee 
enarcaſe of ſurface — being dividati 


into minute WIfich is wromg Fot tho 
tpeoific gravity of any body is only boche alter 
ed by making chat body nooupy gtenter ar 


leſs portion of ſpace. Now it id evident that 
upon dividing a body in patts;. the Iſneface 


= 


but the — 3 
ſpecific gravity, remains the fame;; - 


ſix; hundred ſquare indhas the ſpaet h 
pied one thouſand cubie inches; di itte that 
cube into a thouſand; aubes;ʒ the ſurſaca will 
be encreaſod to ſix thouſand ſquare inalies, 
but the ſpace occupied willtemanm a thauſand 
cubie inches, and therefore the ſpeaiſiu g rabity 
will be the fame; andſe an divide it: v⁵̃ a 
many parts 28, you plenſe, Indeed bodies by 

encheaſe of ſurface; meet a grtatef fit: 
ance in paſnog through any med j 

thinks gel Andes and ſpecific gravity; ax6jhbrs. 
carefully o be diſtinguiſhed: For that re- 
ſitanee which: prevents the ſinkinq ofa the: 
minute parts of a body, in a fluid ſpreiſicalhj 
liger muſtequally tetard their aſteat im thet 
ſame fluid; and theseſure dan nevesiberthe: 
cauſe af their aſpending: ei Sit off 2980} 
But let us ſuppoſt that this veſic le formed: 
and filled with ratiſ edo ai,  and-/afrending 
throu zit is plain, fromm oflo- 
cher Gauſe, thasit — — 


few ſeconds of time: for no ſolar or culina- 


— coca ſo as to make it per 
manent 


11 

manent in that ſtate, in a veſicle of 2 
aſcending, through the open atmoſphere, for! 
the —— of one minute; for it is evident, 
that metallic bodies, heated many degrees hot- 
ter than boiling, water, and exceedingly larger 
than the aſcending veſicles, cool in a few ſe- 

conds, when expoſed to the open atmoſphere- 
For inſtance, mechanic operators, in temper- 
ing ſmall drills; only heat them red hot in the 
flame of a lamp, and then waving them three 
or four times through the air, find them nat 
only cold, but hardened by their ſudden cool 
ing, fo as to be fit for cutting other parts of the 
ſame ſteel, which has been cooled more gradu- 
ally. \ Now, the veſicles, being exceedingly” 
ſmaller than the points of ſuch drills, muſt cool 
much quicker; and the ineluded ait be cohdens 
ſed; equal to the cireumambient air almoſt in- 
ſtautaneouſly; in which ſtate the veſicle is not 
fitter for aſcent, than that portion of water vras 
before the. veſicle was formed; for though the 
ſurface of the water is vaſtly enereaſed by the 
form of the veſicle, which may retard the de- 
ſcent of it throug h the air; yet that form muſt 
cqually obſtruct its aſcent; and the ſpecific | 
gra vity of the conſtituent particles remaining 
the ſame; I cant ſee how the ericreaſe of ſur- 
face can aid its aſoent. And here I muſt ob- 
ſerve, that it has not yet been explained ho] 
water can be dilated; ſo as tooccupy'eighthun-! 
dred or a thouſand times the — which it 
naturally does, For I think the greœateſt ex. 
e it ane derer hogs NN __ ; 
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we can give it) is not more than a nineteenth 
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ortwentieth part of what it was before. 

But, ſuppoling theſe veſieles Prmed: and 
aſcending; there is ſtill a very neceſſary power 
wanting, I mean repulſion, to prevent their 
running into contact (by their natural attrac- 


tion) and forming larger maſſes; in which 


tate they would immediately deſcend. 
No let us ſuppoſe that they aſcend by im- 
pulſe; it will be very difficult to * their 
motions which are evident to ſenſe. For if 
they aſcend by impulſe, their motion muſt be 
continually retarded by their gravity and the 
obſtruction of the air, until they arrive at their 
greateſt height, which muſt 1 be in pro- 
portion to their firſt velocity; and then they 
muſt deſcend by the laws of ſpe 1255 gravity, as 
all other bodies do. The ve cy Wien which 
we generally ſee vapour phy pl not ſuffici- 
ent to carry it a few yards in height ; and there- 


fore, if there was no other cauſe of alvent but 
impulſe; the 'vapours and exhalations'muſt be 


pretty equally diffuſed over the ſurface of the 
earth, aſcoridling to a ſmall height, and imme- 

diately deſcending again: Or, if it were poſ- 
ſible for them to float at that height, the con- 
ſequence muſt be a perpetual fog. How far 
the great uſes of viſion would be obſtructed or 


| loſt in this caſe, I need not mention; nor need 


Lſay how detrimental it would prove to reſpi- 
ration, ſince mankind have agreed to call fogs' 
unwholeſome. However, when J come to 
ſpeak of the uſes of electrical fire in animal 


life, I ſhall ſay ſomething on this ſubject. 


However 


171 

However neceſſary an impulſive power may 
be in the firſt emiſſion of vapour and exhala- 
tion from their maſſes, I ü think it evident; 
from the ſlowneſs of their aſcènt, that it can- 
not carry them to that height where clouds 
are uſually formed; 5 leſs is it poſſible 
that it ſhould be the cauſe of their floating 
there for many days, as we ſee they do. This 
can only be done by an alteration of their ſpe- 
_ cific gravity, till they are brought into equi- 
librio with that part of the wanne W 
they float. 95 

It now remains to enquire by what means 
this may be done; ſince neither impulſe, ra- 
refaction of the air, or any formation of their 
parts by expanſion 3 1 know * ſeem 
ſufficient for the purpoſ 

There appears to me put one way of altets 
ing the ſpecific gravity of the particles of va- 
pour and exhalation to render them lighter 
than air; which is by adding to each particle 
© ſufficient quantity of ſome fluid, whoſe elat- 
ticity and rarity are exceedingly” greater than 
that of the air. That the fluid or fire of elec- 
tricity is ſuch, I believe will be eaſily granted 
me; but how far it is adapted to this n 
we muſt enquire from experiments. ä 
But, firſt, let me not be thought abſurd in 

faying that the Creator might have thought 

proper to adapt this fluid to this particular 
purpoſe; for the purpoſe is tapes no leſs than 
all vegetation and animal life depending on 
the aſcent and deſcent of vapour — exha- 


lation. 
| E 2 | | 1 
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Eneednol run into a prolix detail of elec- 
trical experiments to prove the properties: of 
this fire, which are much better known to 
you. Altho' I have made ſome experiments, 
which, perhaps, have not yet come before 
you; by which it appears that all fumes ari- 
ſing from fire, whether blazing or otherwiſe, 
a. all ſteams riſing from boiling or warm. 
waters, and from all other fluids, and the 
breath of man and of all other animals, and 
all the effluvia thrown off by perſpiration, are 
all ſtrongly electriſied; but 1 ſhall not trou 
ble. you with theſe until I come to ſpeak of 
the uſes of this fire in animal life. I ſhall 
now only mention a few which are well known, 
and which are to my purpoſe. Firſt, that de- 
ſultory motion by which it flies off from an 
electrified body to any number of non-elec- 
tries which are brought within the ſphere of 
its activity and affection, until it be equally 
diffuſed through all. And, Secondly, that the 
ſphere of its: activity is encreaſed by heat. 
Thirdly, that this fire does not mix with air. 
Fourthly, that it intimately pervades water, 
ard many other bodies, covering their ſuper- 
ficies to a certain diſtance ; which diſtance is 
not in proportion to the bulk of the body 
electrified, but in proportion to the ſtate. of 
activity of the electrical fluid. Fifthly, this 
electrical fluid readily joins with any fire which 
fumes, or rather with the blaze, or fumes of 
any fire; but will not mix or fly off with the 
fire of red-hot i iron, or any other metal which 


does not fume, I have not met with this ob- 
| ſervation 


119 ] 
Sraticn in any writer on electricity, but 1 
have proved it by experiment. 

Now to ſhew that this electrical fire or fluid 
is the principal cauſe of the aſcent of vapour 
and exhalation, we need only prove that It 
attends all vapour and exhalation, and that in 
ſuch quantity as is neceſſary to render them 
ſpecifically lighter than the lower part of the 
atmoſphere. | 

T ſhall not undertake to Aker by what 
cauſe vapour and exhalation are detaahed from 
their maſſes ; whether by the ſolar or culinar: 
fire, or by the vibrations vf the electrical Yui 
rendered more active by thoſe fires; tho' Lam 
led to think the latter. But it is evident that 
they are waited in exceeding miniite diftin® 
particles, and that theſe particles muſt paſs 
through that electrical fluid which ſurrounds 
the ſurface of the maſs, and that; by that 
means, they muſt be equally eledrified with 
the maſs; that is, they muſt be covered with 


the electrical fluid to as great a diſtance from 


their aeg as the maſs is covered; Which 
muſt always be in proportion to the ſtate of 
activity of the electrical fluid. In which ſtate, 
when they have paſſed the ſirrounding fluid, f 


they muſt be repelled by it, and 5 repel 


euch other; and if each particie of vapour and 
its fartdbnding ffuitt occupy 4 greater ſpice 


than the fame weight of air; they mult be fit- 


ed to aſcend till they come in equilibrio with 


— De a — ter tt * atmoſphere, 
until their * gra- 
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ſign the magnitude of each particle of vapour 
and exhalation, and that of the ſurrounding 
fluid, and to ſhew that both taken together 
occupy a greater ſpace, than the ſame weight 
of air; we can only apply to experiment to 
ſhew that it is poflible that it may be ſo; and 
that will ſhew that in all probability it is ſo; 
ſince it is evident that every particle muſt be 
endued with a portion of this electrical fire or 
fluid; and that there is not any other ſuffici- 
ent cauſe aſſigned for their aſcending. It is 
evident that upan electrifying any light matter, 
ſuch as down or the downy parts of feathers, 
that their ſpecificgravity is much leſſened, and 
that by holding another electrified body under 
them, they may be driven upwards at pleaſure. 
It is alſo evident from experiment, that the 
more you divide the parts of ſuch bodies, the 
more of their ſpecific gravity will they loſe by 
being electrified; and by dividing them into 
minute parts, Ihave found, that they aſcend- 
ed to a conſiderable height after they were 
electrified. From witence I think it highly 
. probable that the exceeding ſmall particles of 
vapour and exhalation may be, and are ſuffi- 

ciently electrified to render them ſpecifically 
lighter than the lower air, end that they do aſ- 

— by that means. And that they will aſ- 
cend proportionally hi gher as the ſurrounding 
fluid is proportionally greater than the parti- 
cle which is carried up. 

It may be now thought W to ſhew 
what becomes of our vapour and exhalation 
D or en are to come down "Par 

4 k ut 


But I muſt. here beg your patience while Ter 
deavour to ſhew. that the aſcent and deſcent 


* 
” 
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of vapour and exhalation attended by this fire 


is the principal cauſe of all our winds. In do- 
ing of which I hope to bring down the vapours 

and exhalations, and explain the general phæ- 
nomena of the weather and barometer.  ' 
It being admitted that wind is only aif put 
into motion, many have been the conjectures 


how that motion is cauſed. Among which 


the motion of the earth, and the air's being 
rarefied by the ſun ſeem to ſtand firſt. The 
trade winds being moſt regular, and occu 
ing a conſiderable part of the globe, it 
been thought proper firſt to account for them 
from the afore- mentioned cauſes. But think 
that theſe cauſes, by themſelves, are not ſuf 


ficient for the motion of thoſe winds, and 


much leſs ſo for the irregular motion of all the 


other winds. If the apparent motion of the 
air was occaſioned by the diurnal revolution 
of the earth from weſt to eaſt, by the air's 
being left behind, the motion muſt be found 
more regular, and very different from what 
it is; far in that caſe-the greateſt motion muſt 


be at the equator, and from thence leſſen by 


regular degrees to the poles, and muſt be con- 


tmued always equally one way, both day and 


night, and at all ſekfme, But we find quite 


the equator, and between the tropics, pretty 


ſteadily one way all day long, and dying a- 


way at night; while high winds and ſtorms, 
em d 51347 170% Br 003 Nene 
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Mowing all manner of ways, are found in 


the hiker latitudes. 
I ſhall not detain you to ſhew that the fats 


rarefyi ing the air cannot ſimply be the cauſe 
af all the regular and irregular motions which 


we find in the atmoſphere ; but I thall pro- 


ceed to what I think is the cauſe, viz: The 
- aicent and deſcent of vapour and exhalation 
rene by the electrical fire or fluid. 
You are well acquainted with the calculati- 
ons (by ſundry authors) of the quantity of va- 
pour raiſed in a day; but I will venture to 
lay, that all thoſe I have met with fall exceed- 
ingly ſhort of the quantity raiſed in the torrid 
zone. Now 4 Lore vapour and exhalation 
being buoyed up by the electrical fire, muſt add 
a column to thend 2 tho of a different matter, 
at leaſt a thouſand times greater than the va- 
pour and exhalation taken up; which column 
muſt neceſſarily force the adjacent part of the 
incumbent air upwards; and muſt as neceſ- 
Zarily be re- acted upon by the incumbent air, 
to reſtore the equilibrium of the whole air. 
And as it cannot be readily forced down again, 
it muſt float off, at that altitude, toward thoſe 
parts where little or no addition has been made 
totheatmoſphere, and by that means myſt pro- 
pel the air on the horizontal level with it, and 
that below it as it is itſelf propelled by the 
weight of the incumbent air; and that mo- 
tion muſt. be from the equatar, where the 
quantity of vapour, &. is raiſed, to- 
h ward the poles, Sa partly to the weſt, as the 
earth turns toward the kin? For here we mot 
co 5 


5 ——S | 
confeſs that the ſun js the © great ag agent in de- 
taching vapour and exhalation from their 
maſſes; whether he acts immediately by him- 
ſelf or by his rendering the electric fire more 
active in its vibrations. But their ſubſequent 


aſcent I attribute entirely to their bei ren- 


dered ſpecifically lighter than the lower air 
by their conjunction with this electrical fire. 


The fire which furrounds' the vapour be- 


ginning ing to condenſe, and the vapours to ſub- 
de in paſſing the tropics becomes a greater 
8 on air beneath, and by that means 

orces ſome part back into the tropics in the 
place of that air protruded by the aſcent of 
the vapour, &c. and the remainder in à di- 
rection toward e poles. The common: ro- 
tation of the air in coming in below to ſup- 


py the place of that part carried up by any 


re 9 explain this motion. 
To 


raifed by the aſcending: vapour, &c. is at its 
greateſt altitude to he eaſt ; and therefore 


muſt preſs that air to the weſtward which is 


continually protruded by the vapours, &. be- 
- ginning to aſcend from caſt to welt; and the 
compreſſed air at the tropics x muft tend to 


the weſtward, Hill their forces ting make | 
the. motion intirely to the weſt. "The air it- 
rarefied and carritd up by the re- 

the intenſe heat of the lun (for beat 


ſelf bein 
flectiqn of 
in flying off from all bodies does aſcend t 

the air with great velocity) may be a conſider- 


able 


ew how this motion muſt tend to the Z 
weſt, we muſt conſider that the column of air, 


/ 
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able additional cauſe of theſe trade winds; 
but never can be the ſole cauſe of all the er- 
ww 3 

As I am not ſufficiently informed of the 
icular formation of the globe, to account 

for all the irregular winds within the tropics, 
1 ſhall only venture to ſay. that where ſuch 
happen, it muſt be by means of ſome tracts of 


lands which riſe toa greater height above the 


horizontal level, than vapours generally do; 
by which the motion of the vapour is ſtop- 
ped, and the vapour accumulated by ſucceed- 
ing vapour, and the air upon which they float 
is of conſequence preſſed into a new direc- 
tion. 5 1 Ry 
And from hence may alſo be explained the 
cauſe of the rains, particularly ſo called in the 


ſiea language. wy FREE 
| I ͤmuſt now conſider what becomes of the 


vapour, &c. floating from over the tropics 


toward the poles, which being leſs affected 


by the heat of the ſun, reflected from the 


' ſurface of the globe, the ſurrounding electri- 


cal fire begins to condenſe more and more as 
it moves toward the poles, and the vapour of 
courſe to deſcend, and that part moſt, which 
is moſt remote from, or is fartheſt left behind 
by the ſun; and of conſequence the higher 
column of air muſt tend that way to reſtore 
the equilibrium, which motion, at this ſide 
the equator, muſt be to the north-eaſt ; and 
as the vapour, &c. fall again to the carth the 
motion muſt be moreto theeaſt. From whence 


_. 1. | 
our fouth-weſt and weſterly: winds, Which 
blow a conſiderable part of the year. But as 
this ſyſtem is too regular to account for the 
phenomena. of the erratic winds, | we muſt 
conſider whence they ariſe. I have before 
obſerved that tracts of land riſing into the at- 


moſphere will ſtop the regular motion of tile 


vapour, &c. and hat the vapour being accu- 
mulated by ſucceeding vapour, the ſubjacent 
_ air. muſt be preſſed into new directions. Now 
this cauſe added to the daily dilatation of the 
electrical fire, and the contraction at night, 
and the coaliſion of vapours to occaſion: their 
total deſcent, will be ſufficient to produce a 
oy great variety of winds on this fide the 
| But if I were to ſet down all that has 
—— upon this ſubject about upper cur- 
rents, under currents, and intermediate tranſ- - 
verſe currents, &c. occaſioned by the various 
motions of the atmoſphere to reſtore an equi- , 
librium; and, to produce my proofs, 1 muſt 
ſend you a book inſtead of a letter ; bad: 1 
write not to common minds.” 
It now remains to ſhew How: the 5 
phenomena of the weather and barometer | 
ariſe from this ſyſtem, . Firſt, why it generally 
rains in the winter, while the wind is ſouth; 
ſouth-weſt, and weſterly. Secondly,” why 
north-weſt winds are generally. attended by 
ſhowers in the beginning, and become more 
dry, as they are of longer continuance, - Third- 
ly, why; month and — Winds are geno- 
r n. _ 3g he . _ rs ; 
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tinues dry and dark for a confidetable time 
together. Fifthly, why ſqualls precede heavy 
and diſtinct ſhowers, and a calm enſues for 
ſome little time after they are paſt. Sixthly, 
vrhy ſtorms and high winds ſeldom happen in 
a ſerene ſky without clouds. Seventhly, why 
the vapours in warm ſeaſons coaleſce to form 
thoſe diſtin, denſe clouds, which produce 
thunder and heavy ſhowers. Eighthly, why 
the barometer falls loweſt in long continued 
rains attended by winds, and why it riſes high- 
eſt in long continued fair weather; and why 
the intermediate changes happen: N 
of land and ſea breezes, and water- ſpouts 

Firſt, the vapours, paſſing the tropics into 
the colder __— have their furtounding fire 
condenſed by d which muſt encreaſe 
their ſpecific gravity, and leffen their repulſive 
power; by which means they muſt both de- 
ſcend and approach each other, till at laſt they 
form denſe, viſible clouds; and theſe clouds 
are alſo accumulated by other ſueceeding va- 
pours, of like ſpecifi gravity, till they form 
2 which are often ſeveral hundred yards 
h; which I have often ſeen, in paſſing 
them up the ſides of very high moun⸗ 
tains. In clouds of ſuch depth, 1 think the 
coalifion of their particles, to form drops, Ly 
ariſe from their motion, and ths erer of 
cific gruvity. For, the air being 4 greut deal 
denſer, and of greater ſpecific gravity, at 1 
bottom of fucht à cloud; than it is at the top 
and the particles of vapour, with their flfe, he- 
ing pretty near of an equal ſpecific 2 0 | 
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thoſe particles which are below muſt ds | 
Tily be forced up ards, and thoſe above muſt 
as neceflarily deſcend, till they, all, meet at 
that — dp whereat, their ſpecific, gravity, 
would make them float; if they were not pre: 
vented inerely by their repulſive. power; hut 
this repulſive power muſt be Pam: aQed up- 
2 if not quite overcome, in ſome.plages by 
this preſſure of the air and of the,vapours., 
Bus ſuppoſing the particles only brought into 
=. — near approach by this preſſure, it will 
be ſcarcely. poſſible for. them, upon anꝶ moti- 
on of the clouds, to keep their ſtated diſtances, 
without impinging upon one another: And, 
whengver this- Bappens, it is eaſy ta ſhew how 
rain is formed. For, chere ver two or more 
ate forced to approach. within their 
| repulſive; powers,” they will run into contact 
and ſphencity,, (if, fluid) by their attractive 
power, and by that Seeder er Tae 15 
the electrical: fluid toca greater diſtanee from 
their ſuperfigies, than the other particles are, 
or than they were before their oon 
(as, I have ſhewn, in my letter, conerging the 
cauſe: of thunder), that is, they will be more 
electrified; and conſequently, as appar by 
electrical experiments the eceſS af cle 
fluch will — CA 
which. means the enlarged particles 
ifie gravity; enoresſed, and are enabled to 
deſcend; to alower region of theair; and the 
mars: particles they imminge upon in their de- 
Ner- es pry aol par 
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yelocity be encreaſed; and the more their ve- 
locity is encreaſed, the more particles will they 
imping upon, till they fall from the clouds in 
drops, whoſe bigneſs will be according to the 
depth and denlity of oy args hey” have 
paſſed through: *** 

It may be — 45 chew; why: I aſſert 
= -- that the encreaſe of velocity in the enlarged 
particle will make it imping upon a greater 
number of the ſmaller particles, in its paſſage 
through them. And this will appear by elec- 
trifying a feather, which may be driven up- 
E - wards, by the electrie body, with a certain ve- 

locity ; but if you add a much greater velocity 

to the electric body, it will overtake the fea- 
ther, and' get within their repulſive: power, 
and the feather will tick to it by theirattrac- 
| tive powers. And the leſs diſtance the feather 
| keeps above the electric body, the leſs encreaſe 
=_ - of velocity is neceſſary to make them join. 

Vou'Il pardon my prolixity in this particular; 

becauſe I think much en 8 t; in the 
formation of rain. 
| Having ſhewn how I think vapours way co bs 

Arb into rain, I ſhall now endeavour to ex- 

| plain the phenomena of the weather, &c. 

1 And firſt, why our ſouth, ſouth-weſt, ind 
weſterly winds are wet in winter, I have be- 
fore ſhewn'that the wind, and vapour with it, 

| muſt tend from the tropic toward the pole, and 
bo it may be varied to the north- eaſt, and 
| to the eaſt. In the cold winter ſeaſon, the va- 
il pour, in this courſe; muſt coaleſce more and 


| . more as it comes into the colder regions, and 
at 
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at laſt come down in miſts and rain; and the 
more the column of air is decreaſed by the fall 
of ſuch miſts and rain, the more room is there 
for ſucceeding vapour to be preſſed into the 
ſame courſe, and to fall in like manner, and 
ſo on, which may occaſion the continued 
courſe of theſe winds and wet, which gene- 
rally attends our winters. But ſometimes at 
the fall of theſe rains, the wind comes in from 
the north-weſt, to reſtore the balance of th 
atmoſphere, and rolls the vapour, ftill floati 


in the air, (by altering its motion) into heavy EE | 


denſe clouds, which, upon their ſudden c 
lifion, let fall heavy ſhowers; and by that | 
means the remaining particles of vapour in the 
cloud have a greater quantity of electric fluid 
diſtributed among them, which enables them 
to aſcend, and form what the failors call an 
hard dry ſky ; ; and as they approach farther 
into a warmer climate, Which encreaſes the 
power of the electrical ui, they riſe, diſſi- 
pate and vaniſh out of fight; and this is the 
general conſequence of north-weſt winds. As 
to the north and'north-caft winds, whatever 
vapour they bring withthem, has its repulſive 
and aſtending power (that is the electrical flu. 
_ ere by approaching into warmer 
and Warmer ace that it ſcarceever comes 
don i in rain, except from the effects of h 
upp r. current of the air. 

t ſometimes happens, while the wind blows 
very gently at. eaſt , that vapours coaleſce at a 
conſiderable height in the atmoſphere, ſo as to 
N one even, n cloud, — to 

| ut 
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back, and run the hazard of F 


: 18 Ns, bs *** R 
e 0 
8 . . 2 


30 
ſhut out the bright ſhining light of the 1 


which is therefore called a dark ſky Y which 


cloud being uniform, and of no great thickneſs, 
and carried on by a very gentle motion, and 
that neither approaching a warmer or a cold- 
er climate, and ſeldom deſcending ſo low as to 


be diſturbed by the tops of mountains, the 


vapours may keep the order of their ſpecific 
gravity for a conſiderable time, as they gene- 
rally do; till ſome croſs or oppoſite wind 
forces them to ſeparate into denſer clouds, and 
leave apertures 225 the ſun to ſhine through; 


and this is generally the caſe for a day or two, 


before any wet deſcenlds. 
. Why, @ ualls precede heavy diſtin we. 
ers, and a FD enſues for ſome little time af- 
ter they are paſt, is pretty evident; for the 
deſcending; rain, attended by the electrical 


fluid, forces the ſubjacent air out of its place, 


and that which is driven forward muſt add a 


proportional velocity to the motion of the 
wind that "AY. and that which i is We back- | 
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recedin the cloud is alſo elfe off al que- 
ly towar either extreme of the ſhower. ich 
be of, good uſe for failors to know and 
BR 18871 if they ſail upon a wind from the 
clit * the ſhower toward the extremit, 4 


they may ſafely venture to keep their I 


but if th fail from the extremit 15 toward the 
center, if they luff up, they will be taken a- 


and this Labways : found true in pra 


„ | 

Why high winds are ſeldom found in a ſe- 
rene ſky without clouds is alfo pretty evident; 
for clouds occaſion theſe high winds in a dou- 
ble manner; firſt, when they are large and 
united and upon the deſcent, as they occupy 
a great ſpace in the atmoſphere, they muſt 
_ preſs the ſubjacent air into a great velocity; 
and ſecondly, when they coaleſce and come 
down in heavy rains, they make room for the 

air to flow in with violence to Nj the 
equilibrium of the whole air. 7 ; 
I. know how the vapours stete in warm 
| 3 to form thoſe diſtinct denſe clouds, 


which produce thunder and heavy ſhowers, 


we —_ firſt conſider the ſtate of the vapour 
in its aſcent, which muſt be ſtrongly endued 


” with the cleAuical fire to enable it to-aſcend 
to the great height, it then does, in the at- 


moſphere; ſecondly, the great quantity car- 
ried up and kept afloat at that great height 
during a ſeries of hot dry weather. The quan- 
tity may be proved from the height of the 
mercury in the barometer (as I ſhall ſhewpre- - 
ſently) and the great height and diſſipation of 
the vapour from the ſerene appearance of the 
ſky; and alſo by the great height where even 
thunder clouds are formed in its deſcent; 
which may eaſily be meaſured by the length 
'of -time 8 the light and noiſe of thun- 
der. In this ſtate the upper air is in a quie- 
tude, and whatever part of this vapour be- 
gins to coaleſce and ſubſide firſt; will carry. 
dovyn with it part of the ſubjacent vapour, and 


make room at the top for other n to 
| PR F flow 
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| flow in from all ſides, which, by their meet- 


ing, may alſo coaleſce and ſubſide to form this 
central deſcending cloud; and fo alſo of like 


ſucceeding vapours. And thus I think clouds 


of any denſity may be formed, in a quiet air 
(and thunder generally happens i in calm wea- 
ther) till the denſity is too great for the buoy- 

ant electrical fire to ſuſtain the weight; which 
flying off in part from the largeſt drops, lets 


them fall almoſt in ſpouts. 


Why the mercury falls and rifes in the ba- 
rometer will appear from what J have been 
ſaying; for in long continued fair dry wea- 
ther there is a great quantity of vapour raiſed 
and kept afloat in the air; which muſt neceſ- 
farily add a column to the air at leaſt a thou- 
fand times greater than the vapour taken up, 
and oftentimes much greater than that, which 


., muſt as neceſſarily encreaſe the weight of the 
air, and make the mercury riſe proportional 


to the additional column; and when rains de- 
ſcend, they ſubtract a column from the air 
near a thouſand times as great as the water 
fallen, which muſt neceſſarily leſſen the weight 
of theair, and make the mercury fall * 


tional to ſuch ſubtraction. 


As to winds, they affect not the mer- 
cury, but as they are generally, in theſe cli- 
mates, a conſequence of deſcending clouds 
and rains, blowing into thoſe parts where the 
column of air has been leſſened, and while 
they blow, the mercury will continue low in 
the barometer, till the equilibrium of the at- 


 moſphere be reftored. But I believe if it were 


enquired 


„ 
enquired into, hether the mercury and 
when the wind begins to blow every morning 
between the tropics and the vapour to aſcend, 


that it will be found that the ane mee 


aſcends. 


45 
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There is a phenomenon which 3 


many, that is why the mercury falls before 


W falls. This may be explained by the 


column of airs being leſſened gradually, by 


the condenſation of the electrical 1 


the firſt deſcent 4 the vapours till they fall 
in rain. 


e bush ing 


and ſea bree ee ber. which ſome- 
times happens 1 in air ſettled weather; that 
the wind blows out from the land at 


and in from the fea at day-time. 


The land breeze 3s occafioned by the de- 


ſcent af clouds and the particular formati- 
on of the land; for if the land mie into an hil- 


ly country from the ſea, when the clouds and 


0 | 


vapours deſcend at night, which they often . 


do by the electrical fluids being ended 
they muſt preſs the air down the land toward 

the ſea in their fall; as may appear from the 
ſmoke of any fire running down the fide of 
an hill, an the cvening of a damp day when 
the clouds are upon the deſcent. And the 


ſea breeze is occaſioned by  the.clonds afcean« | 
ing in the day-time, which muſt impel che 
incumbent air upwards, and make room 
for the ſea breeze to flow in; hut beſide the 
mere aſcent of clouds there is an exceeding - 
bend hen from the vapours raiſed from — 


an from the ſea. For the ſame extent 
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of land has an exceeding greater ſurface than 
the ſame extent of ſea ; which may appear 
from the various forms of vegetables and ani- 
mals, &c. and the greater the ſurface the 
greater will the evaporation be; beſide the 
more irregular theſe ſurfaces are, the greater 
will be their reflection and refraction of the 
ſun's beams, which will encreaſe their power. 
And it is alſo neceſſary that the evaporation 
ſhould be much greaterfrom yegetableand ani- 
mal fluids, than from fluids in a quieſcent 
ſtate, to carry on a circulation for the great 
work of nutrition. But of this when I come 
to ſpeak of vegetation and animal life. Now 
the aſcent of theſe vapours muſt beget a cir- 
culation of the air inward from the ſea ; in 
the ſame manner as the. aſcent of vapours from 
any fire brings in the air below to that fire. 

- As to water ſpouts I have found them oddly 
deſcribed by the learned ; as being great co- 
lumns of water ſacked up from the ſea by the 
clouds. Eut I never faw any ſuch; nor could 
I find upon enquiry from many honeſt men, 
who have failed. almoſt all our known ſeas, 
that they ever met any ſuch; and there- 
fore I do not believe that there are any ſuch. 
There is indeed an appearance ſomething like 
their deſcription, which may have given riſe 
to their conjectures ; but this is no more than 
a very heavy ſhower from a very denſe cloud, 
which is drawn into a conical form, and a 
very narrow compaſs at bottom, before it ar- 


rives at the ſea; which it daſhes with great 


violence in its fall. It may be worth the while 


. | 

to enquire how the ſhower comes into this co- 
nic form; which I think is cauſed by the ge- 
neral attraQtion For while the vapours float- 
ed in the air, being of like ſpecific gravity, 
they were equally attracted by the air as by 
one another ; but when their ſpecitic gravity 
was greatly encreaſed by their being formed 

into larger drops, and letting go great part of 
that elaſtic fluid which buoyed them up, and 
the greateſt quantity of water falling in the 
center of the ſhower, the extremes may be 
greatly attracted to the center, in their paſ- 
ſage downwards. 
here is one eds may be-niadle to all 
I have been ſaying of the winds and weather; 

that ĩs the great diſtance of the tropic, and that 
the wind muſt be a great time m coming to 
us from thence. But this objection will leſ- 
ſen, when the velocity of the wind is conſi- 
dered, which in a freſh gale will move above 
A degree i in two hours; which will foon bring 
it from the tropic to us. And this velocity, 


and a_much greater, I proved by a machine, . 


T invented and made in the year 1733, to go 
upon wheels by the force of the wind. For J 
have been carried in it, at the rate of .more - 
than a degree in two hours, when the wind 
was upon the beam, that 1s when I could fail 
forwards or backwards upon the ſame tract 


with equal facility ; ſo that my motion, in go- 


Ing before-that wind, muſt have' been much 
greater; which [ then neglected to eſtimate. 
And now, gentlemen; I tear two'things, that 


1 have ſaid too much, and that Lhave ſaid too / 
4 . * 
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little; for if this letter appears with the ſame 


face of truth to you as it does to me, I have 


omitted many things, for fear of being too 
pron: which I ought to have added ; but if 
have written without a foundation in truth; 
I muſt, long before you come to this part of 
my letter, appear prolix and impertinent ; 
and therefore 1t may be time to conclude ; 


before I do which, I will aſſert one thing, 


that is, if any thing in this letter is found 
worth your acceptance, that it is intirely my 
own ; for I have not borrowed a ſingle hint; 
no more 1 did in my letter concerning the 
cauſe of thunder; for when I wrote that let- 


ter, which was on the 2oth Sep. 1751, Idid 


not know that any one had made the leaſt 
conjecurs that the electrical fire wasthe cauſe 


of thunder. And TI had told many gentlemen 
in this kingdom, in the beginning of the year 


1751, thatT thought I had diſcovered the real 
cauſe of thunder. Indeed immediately after 
my ſending that letter to you on the 18th of 


June, 1752, I met with ſome accounts in our 


news-papers that iron bars, ſome how or 
other, ſet up during the time of thunder, were 
found to be electrified; but from that time to 
this I know nothing particular of thoſe or any 
other experiments on thunder clouds. I wait- 
ed the publiſhing of the volume of Philoſ. 
Tranſactions for the year 1752, to inform 
myſelf of theſe matters ; but I don't find that 
it is yet come to our kingdom. As I am 


not a plagiary, fo I would not willingly 
; — 
you 


thought one; nor ſhould I venture to 
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you with what I thought you may have better 
from other hands; but as the matter of this 
letter appears new to me, ſo I venture to lay 
it before you, without any other motive ay 
to add my mite in the inveſtigating truth, 


I am, 
- GENTLEMEN, 
Your moſt humble and 
moſt obedient ſervant, 15 


HEN. Exxxs. 


My fears of treſpaſſing upon your patience 
had almoſt made me forget to explain .how 
far the wind aſſiſts vapours to riſe in greater 
quantities and in {eſs time than they would in 
a quiet air. And this omiſſion would not be 


a. * 


excuſable, . becauſe both the learned and un- 


learned have obſerved that a greater quantity 


of vapour is carried off in windy weather, 


than when the weather is calm. When va- 
pours are Mited in great plenty from the fur- 
faces of fluids, ſuch as from a pot before it 
begins to boil, or from the ſurface of a bowl 
of hot punch, &. it often happens that they 
crowd each other in ſuch manner that the 
ſurtounding electrical fluid of each particle i is 
compreſſed, and cannot occupy that portion 
of ſpace which is neceſſary to make it buoy up 
the nee and thus the particles float in a 
ſteam juſt above the furface of the liquor, and 
they are prevented? from falling back into the 
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liquor by the electrical fluid on the ſurface of 
the liquor. In which ſtate, none but the up- 
rmoſt particles can aſcend; which they do 
by the elaſticity of the elearical fluid forcing 
them upwards, till they have room for the 
electrical fluid thoroughly to expand itſelf, fo 
as to be able to buoy up the encloſed particle 
of vapour. In this ſtate the aſſiſtance of the 
wind will be eaſily underſtood; for the wind 
blowing them from the ſurface, diſſipates 
them and gives them room to aſcend, and 
clears the ſurface to make room for the ſuc- 
cieeding yapours to aſcend, and ſo on; which 
in this caſe will greatly aid the aſcent of va- 
pour. And thus far I think the wind aſſiſts 
in the aſcent of vapour, but no farther. I 
have mentioned hot liquors only, becauſe 
the ſteam is more viſible in them, not but 
the ſame caſe often happens in evaporation, 
where we cannot ſo eaſily perceive it. 


To the Preſident, Council, 
and Fellows of the Roy- 
* Sent this letter, dated the xoth of No- 
vember, 1754. 9 | 


The 
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The 7" WER the-Second 3 


841 R. London, Mata 6th, 1755. 
HAVE deferred my acknowledgments 
for your letter, and two packets directed 

to me, till I had read your papers addreſſed 
to the Royal Society, who return you their 
thanks for them. ft would be a further ob- 
_ ligation on them, if you would fayour them 
with the experiments made by yourſelf, to 
which you refer for the ſupport of your 


reaſonings. 
Your communications will always be 


hi ghly acceptable'to them ; as —_ of your 
commands will be to, | 


SER 
Your moſt obedient; 3 
moſt humble a 


To Henry Eeles, * 15 TrHoMAs W 8 
at . HORN > Secret. KS: 71 


3 B. No anſwer to, or any notice taken - 
of, any of my other letters; tho abe, 

ee by m me. | 

Hxvar ExLEs. 
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LETTER IV. 


SIR, Liſmore, 21ſt March, 1765. 
RECEIVED your obliging favour of 
the 6th Inſt. of which I am highly ſen- 

ible; and ſhall always be ſubſervient to 
your commands. 
You: do me the honour, to tell me, that 
the Royal Society deſire to know the experi- 
ments, = . I found all aſcending va- 
pours and exhalations to be electrified. At 
firſt 1 mn ſuppoſed that they muſt be ſo, 
accord ing to the reaſoning in my letter; 
but, upon trial with a very ſample appara- 
tus, 1 had the pleaſure to convince myſelf 
that they were ſo. 

I extended a fine ſtring of ſilk eight feet 

horizontally; and from the middle 1 

two pieces of ſuch down as grows upon our 

turf-bogs, by two pieces of fine ſilk, about 
twelve inches cach in length; and then, by 
rubbing a piece of ſealing- wax on my waiſt- 


coat over my fide, I electrified the pieces of . 


down ; and then brought ſundry burning 
things under them, ſo as to let the ſmoke 
oy in great plenty through-and about them, 

to try whether the electrical fluid would run 


off with the ſmoke; but had the pleaſure to 


| ſee that the down was but a little affected 
by the paſſage of the ſmoke, and ſtill re- 
mained eleQrified. I then brought ſundry 
fteams from the ſpout on” Aa = A 4 . 

ettle, 


4 1 


kettle, and otherwiſe in the ſame manner; 


/ 


and ſtill found the down remained electrified. 
I then breathed on them in great plenty, but 


found that the down ſtill remained electri- 


fied. I then joined the palms of my hands 
together, with the fingers extended perpen- 
dicularly under the down, which ſtill re- 
mained electriſied; although the ſubtile ef- 
fluvia, 1 off by perſpiration, paſſed in 
great plenty through the down ;.. as may ap- 
pear by holding one or both the hands in 
the ſame manner under any light matter 


floating in the air, which will be driven up- 


wards thereby, with as great velocity, as an 
electriſied feather is by an electriſied body 
held under it. In ſhort, I tried all the va- 
pour and exhalation I could think of, in the 
ſame manner, and with the ſame ſucceſs. 

I then warmed a wine glaſs, and, with 


the ſkirt of my coat, held inſide and out. 


ſide the glaſs between my fingers and my 
thumb, I rubbed the glaſs briſkly about, and 


© eleArified the down, and found all experi- 


ments anſwer in the ſame manner as 


did with the wax. I mention this particu+- 
lar, becauſe ſome writers on electricity have 
ſaid that there were two kinds of electrical 


fire, the one reſipous, and the other vitre- 


- ous; becauſe light bodies electriſied by glals, 


are attracted by electriſied wax, &. and 
thoſe electriſied by reſins, are attracted by 


ing qualities in 
the reſin and glaſs, which have power to 


glaſs. But I think | theſe different cffeds _ 
_ muſt ariſe from ſome differing 
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actuate this fire differently. For if there 
were really two diſtinct ſpecies of this fire 
oppoſite in their nature, the afore- mentioned 
experiments would have a very different 
confequence from what appears. For if the 
vapours were impregnated by the vitreous 
fire, they muſt abſorb, or ſome way diſturb 
the reſinous fire which electrifies the down; 
and ſo, vice verſa; but we find that the 
ſame vapour, with its electric fire, paſſes 
through the elecrified down in the ſame 
manner, whether it be electrified by glaſs, or 
reſin. But I will not detain you on this 
ſubject. 

The electricity remaining in the electrified 
down after theſe experiments, made it appear 
that the ſmoke and ſteams muſt be either 
electrics, or non- electrics electrified. It was 
eaſy to ſuppoſe them non-eleQrics ; as they 
ariſe from non- electric bodies; and the more, 
becauſe the higheſt electrics, by a diſcontinu- 
ity and comminution of their parts (long be- 
fore they come to be as minute as the par- 
ticles of aſcending vapours) become non-elec- 
tries, or conductors of electricity. For glaſs, 
reſin, wax, &c. all become non- electrics, even 
an. 1 13 8 

But, to try whether the ſteams, &c. were 
non- electrics, I only bedewed the wax and 

aſs with my breath, ſteams, &c. from my 

nd to the end of the wax and-glaſs; and 
then touching the electrified down with the 
ends of the wax and glaſs, I found that the 

EE Bs I | electrical 
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electrical fire immediately paſſed from the 
down into my hand through the ſteams, &c. 
which reſted upon the wax and glaſs ; which 
think ſufficiently proves the ſteams, &c. to 
be non- electric; and I think it as — 
appears, that they are electrified while aſ- 
cending, becauſe the electrical fire in the 
down, does not join with them in their 
paſſage through it; which otherwiſe it 
would do with them or any non- electric 
not eletrified; 353i nyo ny oneials ait76 

made ſome other experiments to this 
purpoſe, but theſe principally perſuaded me 
to ſay that all aſcending vapours and exha- 
lations were elecrified; but how far they 
will weigh with the Royal Society, I muſt 
leave to their better judgment; and am, 


an 
To th v. * | ; 27 B95 8 
Th. Birch. Nos, Your moſt humble, and 
tary: to the Royal! 8 K | 
Society, in Crane- moſt obedient | ervant, 
court, Fleet-ſtreet, hs W 
n Hen. ERLES. 
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AS r r Rn V, 


SIR, Liſmore, 12th April, 1786. 
Wrote to you 2 1ſt March, 1755, with ſome 
experiments, and therein men- 
| tioned, that ſome writers were of opinion that 
there were two kinds of electrical fire, the 
one reſinous, and the other vitreous; becauſe 
light bodies electrified by glaſs are attracted 
by the electrified wax, &c. and thoſe electrifi- 
ed by reſins are attracted by glaſs. But that I 
thought theſe different effects muſt ariſe from 
ſome differing qualities in the reſin and 
glaſs, which have power to actuate this fire 
differently. I have often ſinoe been concern- 
ed that I did not communicate an experiment 
that I had then, and many times before made, 
the effects of which, and many others I have 
ſince made, ſome few of which I ſhall menti- 
on, may let us farther into this enquiry, and 
give us a new doctrine of ele 5 
It may appear 1 late to trouble you 
on this ſubject after the labours of ſo many 
ingenious men; but as I think that there are 
but few things which can open a larger field 
for ſpeculation to the inquiſitive,” than the 
powers of electricity in the operations of na- 
ture; I will venture to lay before you ſome 
diſcoveries which may be uſeful in inveſtiga- 
ting the-powers and uſes of this active prin- | 
ciple. 
1 ſhall alſo boldly venture upon ache 
beaten track, I mean magnetiſm, where I 


think 


men generally act like children in 
ſoon tired of the ſame play- thing, and always 


the other out from it, as often as 
oed to ſeparate by heat and friction; and this 


E 


think there is ſtill room for enquiry, tho num- 


berleſs men, of abilities ſuperior to mine, 


have gone before me; but as truth is what 
we all ſeek, I ſhall not be aſhamed to lay any 


diſcoyeries before you which appear new to 
me; in which if you find nothing uſeful, I 
hope you will forgive the trouble of reading, 
and diſpoſe of them as you think proper. But 


Iwill add my opinion, that I think it one 


great obſtruction in the way to knowledge, 
that from ſomething — — in the mind, 


g too 


quit theſe difficult reſearches, long before 
they come to the extent of the human under- 
ſtandi 


always conjoined, and ſeem to exert but little 
ſenſible action in that ſtate; theſe powers I 


call, 5 for diſtinction fake, the vitreous 


wer a e reſinons , becauſe they 


_ ſeem to be differently excited. by wax and 


glaſs ; not that one is excited without the 
other, for they are both always 
ther, the one acting mward to the electric and 


order is tranſpoſed as often as the poliſhed 
glaſs and wax are rubbed ; that power which 


acts out from the glaſs ads in ward to the was, 


and that power which acts out from the wax 


| oy Aer ee NY ONT alſo 


ing. | 
There are in electreity two different Ait 
tinct powers, which in their natural ſtate are 


excited toge- 


they are ſor- 


———— — — — „„ 


in my manner of expreſſing 
rators miſtake in the executing of them, and 


I will ſay ſomething of magnetiſm ; as there 
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tranſpoſed as often as you pleaſe by rubbing 
the ſame piece of glaſs, as I ſhall ſhew by ex- 
periment. Or you may electrify the ſame 


matter with which power you chuſe, with- 


out tranſpoſing the powers, while they are 
excited by the wax or glaſs, only by drawing 
off that power which acts inward to, or out- 
ward from the electric. The method of doing 
which I ſhall ſhew preſently by experiment. 
Any two things electrified by any one of 


theſe powers repel each other ; but if you 
clectrify two things, one with the one power, 


and the other with the other power, then 
theſe two things will attract each other; 


which ſhews that theſe powers naturally at- 


tract each other, and are only ſeparated. by 
force. This matter being known, it will be 
much eaſier to account for the phænomena 
of electrical experiments than it has been hi- 
I could ſend you a number of complicated 
experiments to prove this doctrine, and to ex- 
plain the phenomena of electricity; but I 
rather chuſe to let it go with as plain and evi- 
dent experiments as may be, leſt I ſhould err 

them, or the ope- 


by that means think me miſtaken in what I 


\ aſſert as I well know how difficult it is, to 


make gentlemen recede from the opinions they 


\ have held and aſſerted, even by the cleareſt 


Before I mention any electrical experiments 


are 


: 3 1 
are ns? things i in the powers oo od netiſm 
mighty ſimilar to thoſe of electricity; t Ido 
not by any means think them the ſame. 
{ Magnetiſm conſiſts of two different diſtinct 
powers, which in their natural ſtate are con- 
joined and exert but very little ſenſible Wen 
and ftrong gly attract each other at all times; 
but hed ſeparated by force, they act Rm 
to thoſe of electricity; for when magnetiſm 
is excited in two different pieces of iron by 
the ſouth p ole, thoſe ends repel each other, 2 
the ſame thing follows when they ate excited | 
by the north pole; (for ſo theſe different pow- 
ers have been called from their yerticity k 
but if one” piece be excited by? the north pole, 
and another by the ſouth pole, then they at- 
tract each other, as in electricity. 
1 Both magnetiſm and electricity act ſtrongeſt 
at corners, edges and points, they have their 
repulſide and attractive powers at certain dif- 
tances; the electrified body is as much at- 5 
trated by the body which 1s not elefrified, - 
as the latter is by the former; the magnet is 
.alfo'as Aub attracted by the iron, as the iron 
is attracted by the 5 But here In i 
remark that the magnet attracts and is attract 
ed 4 to the quantity of iron to be at- 
uy Qed, and not according to the ſtrength of 
magnet. For, one Ounce. of lead at: the 
cnc bf 21 aſmall bit of iron, will pull ie, off from 
a magnet, which will ſulpend a pe 115 of lead... 
at the end of a 55 of ron weighing four of 
five-ounices ; tho the ends 6f both pieces of: 


_ which are to eee contact with the 
. ee 


ö 
| 
| 
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1 
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magnet, be ſliaped alike; the cauſe of which 


are excited and 1 7735 by friction; Which 
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ing it. Mr. Franklin ſays in his letter, in the 
47th vol. of Philoſ. Tran ſactions, Number 44. 
page 289, that he has frequently given a pola? 
rity to needles, and reverſed it at pleaſure h 
an electric ſhock. Which I belie v is true s; 
but he does not ſeem to know that the cles! | 
tric fire; in this caſe, does no more thai any 
common fire will d as I kalk Ne He” 
ſently. 5 

Magnotifin 3 is a quality gent aul ing 
nor do I think that iron can ibe diyeſted of it; 
Fire, wich is the readieſt means to diveſt” 
iron of any quantity of fixed magnetiſm, does i 
not diveſt it of its natural quantity, but o 
the contrary will fix a polarity in any iron, 
according to the manner of beating or cooling | 
that iron. 

Mr. Kober: Bay le loi ſince told the world” 
that iron, heated = hot and cooled in a vert 
cal poſition, acquired a fixed polarity, the un- 
der end being g the north, and the upper eiſdꝰ 
the ſouth pole. He alſo told them chat a bat 
of iron held vertically, had a polarity in thae 
poſition, in the manner above, but that the 
poles were reverſed upon reverſing the bur? 
He has alſo told them how to change the poles?" 
of 'a magnet by fire, and likewiſe how to di- 
veſt a bar of ſtecliof its fixed maę ' by®* 
a contrary! e . tote Mr: 


to make A ſecretd it Bng 5H | ah 

Tho“ he arr re have told! dee FI 

things too piblix to repeat, t, yet I think: ſo met 

thing may be added to ſhew by hai fixed rule 
e ated on by fire, as * to . 
G 2 ow 
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have now ſaid; 
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how it acts in its natural ſtate ; and therefore 
I ſhall add this rule;, That all bars of i Iron, 


which have not a fixed or unchangeable po- 
larity, acquire their ſtrongeſt polarity while 


held paralſel to the dipping needle; and that 


polarity leſſens by degrees, as they recline 
from that poſition, (whether in or out of the 
magnetic meridian) 'till they come to be per- 
pendicular to the dipping needle; in which 
poſition the magnetiſm does not ſcem to act. 
And this may be proved, by touching a fine 
ſewing needle with the magnet, and floating 
it upon a glaſs full of very clean water: for, 


upon bringing an iron bar in the above poſi- 


tion, the north end of the needle will be re- 
pelled by the under end of the bar, and at- 
tied by the upper end of the bar; and ſo, 
vice 1 br te of. bs ſouth end of the needle. 
And, as you recline the iron bar from being 
parallel to the cpping needle, you'll find the 
polarity leſſen by degrees, till it becomes 
perpendicular to the dipping needle; and 
then all ſigus of polarity vaniſh. What I 
will. alſo ſerve for a rule for 
fixing a polarity in bars of iron, or ſteel, by 
fire; for if they are heated red hot, and cool- 
ed in any of the above poſitions, they will 
have their polarity fixed according to the po- 


fte; | the. Woge, ite Fan lch to me 


dipping needle, and ſo lefſen by degrees, till 
their poſition becomes perpendicular to the 
dipping necdle, and 23 they will not have 


ns fixed ed polarity. ei this rule holds in- 
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variable, provided that the iron and Reel be 
equally heated, and equally cooled, whether 
in the air or im water.” But I have found, 
upon cooling in water, that wheti the under 
end of the bar was exceedingly hotter. than 
the upper,” and that the upper end cooled. 
firſt, that it ſometimes became the north 
— but this very ſeldom happened. After 

bars of ſteel very hot, and plunging 
them — cold water in a poſition paralle to 
the dipping needle, I have found that they 
had not only acquired a ſtrong fixed verti- 
city, but alſo an attractive power. 
I ſhall now ſay ſomething of oommunicat- 
ing this power. Firſt, that large ſurfaces ea- 
ſily communicate it to ſmall ones (but not 
vice 'verſa) and that in a much greater de- 
gree than any they exert themſelves: For, 
take a large bar of iron, or ſteel, which 
is better, which has not a fixed verticity, 
and hold it parallel to the dipping needle; ; 
then take ſmall bars of ſteel, about three 
inches long, a quarter broad, and one fix- 
teenth thick, and touch them to the en of 
the large bar, as you would to any 
by drawing them from the AG e "of the the 
ſmall! bar over the ends both of the ſmall _ 
and large bar, ten or a dozen times with 
each ſide of the ſmall bar, and you' I find the... 
ſmalb'/bar endued with a ſtreng fixed = 
ty and attracti ve power, muell greater 
what tho large bar exerts"in Ally 
into a real magnet! And thus 
by; touching a-humber of me dun bi . 
e " "9 5 | proceding | 


| fition , 
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proceeding i in Mr. Cantons method, the mag- 
_ Netic virtue may be raiſed to as great a 
[| degree as the metal can receive. For here 1 
[ muſt obſerve that a piece of ſteel well harden- 
1 ed may be made to take up thirty times the 
i weight that it will do hed quite ſoft, tho 
it vou touch it with the ſame magnetic bars 
i in each ſtate. And this method comes near- 
er to what Mr. Canton propoſed, vis. to make 
. artificial magnets without the help of natural 
| ones. But 45 will do that; for his po- 
| ker and tongs are natural magnets and have 
fi their verticity fixed by being heated and then 
1 cooled in a vertical poſition ; and the iron or 
ſteel bar, tho without a fixt verticity, yet 
while it remains in that polition exerts a ver- 

it tieity, and is able to communicate a fixed ver- 
ll: ticity tothe ſmall ber, and is therefore for the 
| time a natural magnet. Nor is there any iron 
bar, from the largeſt to a ſix- penny nail, but 
5 | what will. exert this power aceording to the 
ll; afore- mentioned rules; nor can they be diveſt- 
| | ed of i it. But how this: power is raifed to do- 
grees exceedingly above that whichl gave it, 
and communicated to any quantity of fleel we 
. pleaſe i in the ſame or greater de kay has been 
= 1: Ea of wonder and ſurpriſe; nor has it 
n more eaſy to account he: its. being 10 
quickly withdrawn from a magnetic bar, by 
a friction contrary to that which gave it. 
1 But 1 ſhall now endeavour to explain this 
matter. The m 


e powers in the large 
ſteel bar, While it is held parallel ta the dip- 

| ping necdle, * a 3 that foreign 
| power 


| SEO 714 
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pewer which directs all magnetiſm, one of 
them being attracted to it, and the other re- 
pelled from it, as may appear by the bars ex. 
 erting A verticity 7 this W and if th 
bar continues elt length. of time in 
_ this poſition, this mY n produces a fixed ver- 
ticity in the bar bb omg its powers. Aud | 
while thefe powers are any way ſeparated in 
the large bar, if a very ſmall bar, be drawn over 
the end of the large bar, then that power predo- 
minating at the ond of the large bar, attraQs 
one of ; Bri powers of the ſmall Bar to that end, - 
Wet ond nes in conjunction with the large bar, 
and conſequentiy forces the other power to the, - 
other end of the fmall bar, and bya frequent. 
repetition of this operation the powers in the 
ſmall bar are Inticely ſeparated, and a fixed 
verticity produced. Now when a number of. 
theſe ſmall bars have the powers thus ſepara- - 
ted, they thay be joined in Mr. T* ntor's me- | 
thod to 11 05 the powers in a lar bar, 
whoſe ſu ſhould not exceed the urfaces 
of all the fmall Dark Ry together ; and thus 
u may proceed to ſeparate the powers 
boy 25858 of ſteel 105 pleaſe. Hon c 
may 0 again conjoined i in their natural fate, | 
I Have before Thewn. 7 0 the 1 piece ö 


5 Pie . 
: of coul e n ma N 10 
u wess po ers are 8 


TRE of iron eh 5 en the FE 
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net, and that "I remain ſo for ſome " 
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time after the magnet is withdrawn, which 
duration is in proportion to the ſize and ſtrength, | 
of the magnet and the quantity of ĩron; but 
this would make me run into an unneceſſary. 
prolixity, becauſe every experiment-maker. 
may obſerve it. And indeed I would trouble. 
1 5 with no more of this kind than is abſo- 
utely neceſſary; but upon recolleRion that 1 
have lately read a treatiſe e upon attraction and, | 
repulſion by a member of the ſociety, before. 
whom it is poſſible you may lay this letter, 
whoſe principal defign is more particularly to 
explain the phænomena of magnetiſm, I muſt, 
beg leave to obſerve upon what he has ſaid; 
becauſe it differs very much from what I think, 
and what I have now ſaid of it. 

This learned gentleman fays that magnetiſm. 
is acontinued ſtreamof repellent fluid, circula- 
ting through the axis of the magnet, by enter-. 

ing at one end and going out at the other, and 
returning over the ſurface to enter again and 
continue the circulation. To prove this and 
make it evident to our ſenſe, he brings an ex- 
periment with the filings of ſteel ſprinkled 
on ſheet of paper, and laid oyer the magnet 
to ſhew, by tlie figure in which they are rang- 
ed, the direction of the magnetic ſtream ; and 
to make this more evident, he chuſes to make 
uſe of ſteel Pars made magnetical, becauſe 
magnetiſin is fqung more regular in them than 
ini the natural m magnet. This experiment is 
very eaſily made by fiſting ſome ſteel filings, 


9 a pape T. Tapes a a pin, very — 
r mee ect of eb. N, bel "Bi: mager; 
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5 tic. bar, and putting the tly round 
the edges wich FOES. Su — up the filings 
are immediately range in order by the mag 
netic: powers. But this order will never ſhew . 
that — were 53 into it, by a ſtrcam of 
repellent matter, circulating through the axis 
of. the magnet, from north to ſouth, and back. | 
again over the ſurface from ſouth. to north; 
nor IS. there any | thing in this order fimilar 1 to. 


what this. grnfleſianyy as. deſcribed 92 deli- 


neated in hig e book. Therefore. 2s. 
the exiſtence 0 h a ſtream is not proved... 
by this experiment, I ſhall not meddle with: 
this gentleman's abſtruſe reaſonings ahnt it. 
But as this experiment will help p to explain. 
oh 1 have faid about. the magnetic. Falle ä 
I ſhall mention the order in which the flings 
are, ranged by a ſingle magnęt, and in ſome. . 
other com plicated cafes when: more, ma Nets. . 
are uſed. gf if I ſhould fail in dej 
the experiment will make it explicit. I have. 
ſaid before that the magnetic powers are ſe- 
parated in every bar rendered magnetical, and 
muſt; be drawn toward the ex- 
| tremities of that bar; the point of en 
power in either end of the bar is cafily difco- 
verable by ſuſp pendir . very fine needle, 
touched = that yo) the, bar, and. bringing. g 

it Over. the axis of the bar, it will be drawn | 
ta that point; which is Pep a ſemidiameter. 
of the bar, within, the end of, the bat z, this. 

| power alſo. extends, | in the axis of eg tor. 


. 


e Anon 
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E 
ſomething like an egg, but longer and tapered 
toward the end next to the middle of the bar, 
with its rays thrown out every way perpendi- 
cular to its ſurface; this wi nearly deſcribe 
the order in which the ſteel filings is always 
ranged in this experiment; with this excep- 
tion, that where the rays from the inward 
ends of the different powers ſhould croſs each 
other near the middle of the bar, they are 
there, by their mutual attraction, drawn! 110 
curved lines; which are more curved in pro- 
portion to their diſtance from the bar as 
the angles in EDS ey ſhould have c crofled, 
are leſs obtuſe,” e lines may make an 
haſty obſerver, chink chat there is a kirid of 
circulation about the middle of the bar, and 
he may be more confirmed in that opinion by 
t ſapended needle, I juſt now mentioned, 
which will be thrown off from one ſide of the 
bar and drawn round to the other, in the di- 
rection of theſe lines; but let another needle 
be touched by a differs nt endof the bar, and 
ſuſpended in like manner, it will be carried 
back aver the ſame lines in a direction con- 
trary to the firſt. w if theſe needles are 
carried by the force of a becken fel there 
muſt be two fluids circulating in direct —.——4 
ſition to each other; and it Fir er 
to conceive how theſt needles can Ace keep 
the ſame different courſes, without ever being 
1 a by the ui movin 2 poſit 
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north pole of one and che ſouth pe DO 
other, at each end, and Aft che fil; 
per over them, and you have à new: „iet of 
circulation prodaced;'if y ou ſuppoſe that the 
fluid. circulates 1 Ener in Wen Ts fil- 


— are tanged; 
lines wherever. 


attracting ra Mia 
| hav&crofled each pthef both'at the ends 
about the middles, as i the former peri- 
mient, and from ſids th fide reverſedto thoſe 
in the middle. But. net ts trouble you'with 
4 number of cnperiments which are pee? 
made than Geſeribedod Hall only ſuy in gen 
ral, that pl. 
ſhapes" "le hs: filings will always 
range themſelves: aceording 48 the attraction 
or repulſion of the 


that in ſuch Was no ways indicate n 
circulation of tho n bene power! through the 


axis of the bar, and back again over. the fur- 
face;-:Norcanl think there is any circulation: 
between theſe different powers; for if there 


was, they muſt mix by their natural attracti- | 


on, and then magnetiſm would ſeem to ceaſe, 


as it does when kheſe powers are drawn toge- | 


ther by rubbing them with other magnets in 


an order oontrary to that which firſt A 
hat 


* powers in the bar. Aud to The el 
powers are really foparated iti every 
bar; fufpehd a touched N 
the eye and E that it fiay h 
lel te the bar lying en che whe! 
needle round d and 0966 e Hf dle of 


the Har W north end ef che | 


* needle 


Sor here you heve' « curved 


cs the Pars in what 6d e | 


powers: in the bars, and 


an yeh : 
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needle attracted to the ſouth end of the bar quite 
round, and the ſouth end of the needle throoẽom n 
off every way in the direction of the rays which 

I have deſcribed; then bring the ſouth end 
of the needle to the north end of the bar, and 
it ſhall be attracted quite round, and the north 
end of the needle —— off in the direction 
of the rays. When the repelling ends of two 
| etic- bars; arei laid tog ether, the needle 
will - carried round them r over the mid- 
dle of the bars in the ſame order it is carried 
round one end of the bar. If you place two 
bars int a line with the dorth end of one to the 
ſouth end of the other, ſeparated to one third 
of the length of the bar (to which diſtance the 
powers ſeem to be ſeparated in moſt bars) and 
then ſift the filings over them, you will find 
them ranged between the bars, in the ſame 
manner they ate ranged about the middle of 
_ each Har. "Whi ich, * — that theſe powers, 
ſeparated to the ſame iſtance in the ends of 
two bars, act. much in the ſame manner as 
when ſeparated i in the ſame bar; except that 
they are weaker in their ends approaching the. 
a of the Har, as J have obſerved ben. 
bus 11010 7 5 $4 127 | 

- could peſter 105 with erperimentas 

file duſt, ſuſpended needles, &c. but as mag | 
netic bars are ſo common, I-ſhall leave every 

_ gentleman to make experiments for himſelf, 
which will in the end (as "coy"? inp: evince! 
the th of what I have faid; for I fear that! 
already growing too prolix, which with 
may Reale. baus en 2 
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eu as well as the want of proper deference 
and reſpect, due to you oO the ſociety, in 
my manner of 0 © for if I conceived | 
was in preſence of ſo earned a body of men, 
I ſhould be eafily deterred from writing” or 
ſpeaking ; but the diſcoveries I am now lay- 
ing before you are my own, and appear to me, 
by a thouſand experiments, to be founded in 
truth; and if no one elſe has hit upon the 
fame things, they may be worth the acceptance. 
as they tend to explain the phenomena of 
electricity and magnetiſm ; and furniſh a new 
doctrine of both; which if you pleaſe may be 
called Eeles's new doctrine of electricity and 
magnetiſm; not that I intend to include in this 
letter all that I know of theſe powers, for it 
may appear abſurd to ſpeak of their different 
actions according to their different cireumſtan- 
ces, or of their uſes in nature, before it is al- 
lewwed that there are ſuch different powers. 82 
I fhall now mention my electrical experi- 
ment, and ſome few others, to n what 
have laid. hes * 
2 experiment is this. Extend A fiken 
ag horizontally, and from it ſuſpend two.. 
s of bog: down, by two filken firings, of . 
19958 inches long, looped on the borizontal 
ſtritig to f flide backward or forward; thenelec- _ 
"_ the pieces of down, one with Galing-wax 
nd the other with glaſs ; and when Jeu bring 
tn to; Aa] 5proach' Within the ſphere pf Thete, | 
activity, t Mak will fly together, eng 7 ons -. 
I of, Hens 495 vaniſh ("i 
"Ef Fs 
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down were eq my ecri- 
fied © 
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fied, whether much or little; but if one was 
much more electrified than the other, then 
that which was leaſt electrified loſes all its 
electricity after oontact, and the two remain 
electriſied with the exceſs of electricitx of 
that which was moſt electrified, which will 
appear from their being repelled by the wax 
or glaſs, which ever was uſed with the PR 
which was moſt electrified. 

This experiment and many gen Ma me. | 
to think that there muſt be two different 
powers in electricity, and that they muſ be 
differently excited by che wax and glaſs; ac- 
cordingly I obſerved, that while à piece of 
den ſuch as I uſed, was inet 7 8 wax 
or glaſs, that ſome of its fibres were violently 


extended from the electric, while others were. 


as ſtrongly attracted to it; this made me think 
that the powers may be here divided; and 
that if I Os draw "ff one power the. b 
may remain ified with the other; I then 
kept my fing er / u contact with the outward 
fibres, for ner two; and then plucked 
away, glaſs, and finger together, and had the 
pteafure to find the dawn was electrified by 
e reſinous power, as appeared by its being 
attacked by laſs, and repelled by the wax. 
I then eleQrified the down in the fa ame man- bh 
ner with the wax, and found that i it remain- 1 
ed eleQrified by the vitreous power, and was 
accordingly attracted by the wax, and repelled. 
by the gl aſs, This, convinced me that myàĩ 
ſuppoſition was. true. T-then put ehe dawn „ 
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which was taper, ſo that the down was in 
contact with all ſides of the glaſs ; and when 
it had remained there for Jecond, or two, 1 
plucked the je perpendicularly, down from 
it, that it might not touch the mauth of the 
glaſs, and found that the down was electrified 
with the reſinous power, This 1 thought | 
put the matter out of doubt. [then 5 5 
fied the two pieces of dowu with the So 
glaſs; but one of them in the common way, 
with the vitreous power which acted out from 
the glaſs, and the other by the reſinous power. 
which acted inward to the. glaſs, by applying 
my finger as 8 and found that 
the attracted. each other in the ſame manner, 
ne 645 they did when. electrified by the war, 
and glaſs; and that after contact the electri- 
city Vaniſhed, provided they were equally. _ 
ele dried; but 5 one was more electrificd 
than the other, then they both remained elec, 
trified with the excels of electricity in that 
which was moſt electrifiec!; as may appear 
both either attracted or repel- 
led by the glaſs. And this I can W ai 
as I pleaſe in the experiment. I made the 
ſame e with excited wax, and the 
eflects were the ſame, I then, ſuſpended. a. 
pics of down, from the filk ſtring, by A piece 
of linen thread about twelve inches long and 
found that it could not be electrified. with the 


vitreous power by the. glats, nor with;the.re-. 


5 wer by the wan; the reaſon is b. 

: 1 was Wers f that pores, bib. 

ated inward to the electric, in the 2 | 
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than” there was of that power which aQed 
outward in the thread.” But reverſe this ex- 
periment by letting a piece of linen thread 
hang from one of the pieces of down which is 
ſuſpended by ſilk, and then touch the end of 
the thread with the glaſs or wax, and the 
down is immediately electrified; becauſe 
there is a great deal more of the power, which 
acts outward to the down and thread, than 

there is of the power, which acts inward, in 

that part of the thread which is i in contact with | 


or near the glaſs. py : 
Theſe experiments and many othet# Wade 4 


me think it ma yu poſſible to make glaſs, by 


. altering its ſu tranſpoſe theſe powers in 
the ſame manner > ar! wax does. In order to 


which I took ſome coarſe emery, and obſcured 
one fide of a pane aſh glaſs,” which, when fi- 
niſhed, I excited by rubbing that fide of the 
aſs, and found the powers tranſpoſed at 
both ſides of the glaſs, in the ſame order as 


85 they are by excited wax; the reſinous power 


outward and the vitreous power inward. 
And they are again tranſpoſed into the diffe- 


rent order at both ſides of the glaſs, when 


you rub the ſmooth ſide of the glaſs; and ſo, 


vice verſa, as often as you rub the different 
ſides of the glaſs. Which may be ſeen by 
rubbing the ſmooth ſide of the glaſs and elec-. 
trifying a piece of down, which will be repel- 
led by either fide of the glaſs ; then rub the 
obſcure ſide of the glaſs, and the ag will 


ee eng og 92 2 3 47 nl e 5 


0 


K 


631 
the ſinooth ſide again, and the down will 
be repelled by both ſides of the glaſs; — 15-1 
erm and repelled as often as you rub 
the different ſides of the glaſs, and three or 
four rubs at a ſide are ſufficient to tranſpoſe 
theſe powers. Or if you rub one half the 
breadth of the glaſs at one ſide, and the other 


half at the other fide, the piece of down 


ſhall be attracted at each fide of one half of 
the glaſs, and repelled by each ſide of the 
other half of the glaſs. In theſe attracti- 

ons and repulſions the down muſt nat be fuf- 


fered to touch the glaſs. But if it old 2 f 


touch one half, and be electrified and 1 
led, then the other half will attract it. 
When the obſcure ſide of the glaſs is * 7 
bed, let two pieces of down hang near each 
other, and bring the glaſs under them, they 
will both be ſtrongly attracted to the glaſs, but 
ſome of their fibres extended from it; draw 
off one of them in ſuch manner that it maß 
touch the upper fibres of the other in go ng 
off, and immediately after draw the 
from the other, and you will find theſe 
pieces of down electrified with the different 
powers; that which was firſt taken away 
the power acting outward, and the other by 
the power acting inward. Note, in this ex- 
periment the down muſt not touch the 
if it be within half an inch, it is ſufficient ; 
aud the ſame in other exe eriments where the 
outward” power is to * drawn off by the 
fipger or other non- electric. Sometimes when 
the' down is very much attracted to and re- 
H pris 
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pelled from the glaſs, in its different fibres, 
if you withdraw the glaſs ſuddenly, there will 
not be the leaſt appearance of electricity in 
the down; becauſe the outward fibres were 
electrified by the power acting outward, and 
the inward fibres by the power acting inward, 
and theſe powers joining by their natural at- 
traction after removing the glaſs, they are in 
their natural con joined ſtate, in which they 
exert but little ſenſible action. 

But if any one doubts whether theſe pow- 
ers are really ſeparated in the down, while it 
ſtands thus attracted to, and repelled from 
the glaſs; let him bring a piece of excited 
wax 12 the repelled fibres, and they ſhall be 
attracted to it, and it will repel the fibres 
which are attracted to the glalt, or let him 
bring another excited glaſs, and the upper or 
repelled fibres ſhall be repelled by it, and the 
lower fibres attracted to it. 

The ſame effects will appear, in a contrary 
order, when the down ſtands ſo excited upon 
a piece of wax. 

I may now appear tedious, but I have ta- 
ken ſome. pains to reduce my letter to theſe 
ſimple experiments to prevent objections to it; 
and I believe that I need not inform you 
that theſe diſcoveries were not made merely 
by the touch of a finger as I have deſcribed, 
for inventions coft the inventors much more 
trouble, than can caſily be believed by thoſe 
not uſed to invention, and who only ſee the 


| 7 when done. 
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I could now enter upon a number of com- 
plicated experiments, to ſhew how the natu- 
ral quantity of electricity, in all bodies, muſt 
be acted upon to admit the adventitious, and 
various other things, relative to the compli- 
cation of theſe powers. And alſo in magne- 
tiſm, particularly to ſhew, how the file-duſt 
may be diſpoſed in curve lines without any. 
circulation between the "magnetic powers; 
but I ſhall reſerve theſe matters tor io ome fu⸗ 
ture amuſemeat. 5 
About two or three Years ago wrote ſome⸗ 

thing to ſhew the cauſe of the refraction, &. 
of light, according to my promile to the ſo- 
ciety to which I had added ſome anſwers to. 
Sir Tac Newton's queries; but upon meet- 
ing an advertiſement in the forty- ſeventh 
vol. of Philo Tranſactions, that every man 
was left to his own credit, for the ſupport of 
his opinions publiſhed i in the Philoſ. Tranſac- 
tions; and my opinion 1n. that tract being 
contradictoryt to cal great men, who wrote 
on that ſubj ect, I rather choſe to throw them 
by, than diſpute about them; not that I 
think them inſi gnificant, but 1 Beli my 8 
dit very inſufficient to bear me through ſuch 
an oppofition, I alſo wrote ſomething to ex- 
plain the cauſe of the Aurora Borealis, and | 
other things, which I may ſometime or . 
eQnnmppicats,; for your Me 1 am, 
8 
Four moſt humble an "ok mY 
oh ps e moſt obedient rv. #4 
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" Leſt I may be ſuſpected of boaſting of a 
rm knowledge in electricity than I really 
ve, and that I would impoſe a new doc- 
trine from a few ſimple experiments ; I ſhall 
ſet down a few of many hints, to which I 
am prepared to ſpeak, and alſo a few of ma- 
ny more complicated experiments which I 
have made. 3 5 
Heat is as neceſſary as friction to excite the 
electrical powers to action. The electric 
powers muſt be ſeparated in the body to be 
electriſied, as well as on the electric. This 
will explain the action and power of points in 
electrical experiments; they do not act be- 
yond the eſectric atmoſphere. The elec- 
tric atmoſphere of the clouds is nothing 
ſimilar to what has been ſuppoſed. The 
electricity found in the air, only adheres 
to the vapours floating therein. Points 
of no great uſe in drawing off electricity 
froni the clouds in time of thunder; that 
being generally diſcharged by an exchange of 
dowers from cloud to cloud, &c. ſometimes 
m the cloud to the earth, through the firſt 
conductor. The myſteries of Mr. Muſchen- 
broeck's bottle eaſily explained by the ſepara- 
tion of the electric powers, and by their ac- 
tion when ſeparated. Theſe powers act free- 
ly through thin glaſs ; and where their paſ- 
ſage through it is prevented, it is by one of 
the ſeparated powers, and.not by the glaſs. 
All the complicated phænomena in different 
matters hanging on, or applied to the ſame 
conductor, may be explained by the action "al 
74% . „ 55 
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the natural quantity of electricity in the con» 
duccor, according to the application of the 
adventitious. Mr. Franklin's ſuppoſition, or 
rather aſſertion, that the electricity which 
paſſes from the inſide of the electrified bottle 
to the outſide, during the exploſion, is lodg- 
ed in the body of the glaſs, is quite wrong; 
for that electricity is not even in contad 
with the glaſs, while the bottle is charged; 
but on the contrary, a conſiderable part of thæ 
non- electric, which is in contact with the in- 
{ide of the glaſs, is elecrified by the oppoſite 
power of electricity. ** 

It may appear in vidious in me to object to 
any opinion of this ingenious gentleman, be- 
cauſe we both happened to write hypotheſes 
to explain the cauſe of thunder; which opi- 
nions are now in the hands of the public, and 
muſt ſtand or fall by the judgment of the 

ingenious inquiſitive. I never heard of Mr. 

Franklin's name till ſome time after q laſt 
letter to you; I lately got and read his works, 
and if 1 wrote in a vindictive ſpirit, I could 
eaſily ſnew that his means of electrifying the 
clouds, his manner of bringing them into acti- 
on to produce thunder, and his propoſed me- 
thod of drawing the electricity from the clouds 
by pointed iron, are all wrong, Eut I 
think the world obliged to this gentleman, 
and many others who have taken ſo much 
pains to inveſtigate the nature of this ſub- 
tile power. But as there is ſtill great room 
for enquiry, neither Mr. Franklin, or any in · 
genuous gentleman, ought to take it ill, that 


— 
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their errors are diſcovered ; becauſe authorif- 


ed errors are the greateſt bar to knowledge; 
witneſs the great deference paid to many of 
Ariſtotle's abſurdities to this day; nor ought 
any gentleman to think of impoſing on him- 


ſelf or others, for the vanity of ſupporting an 


opinion. And I ſolemnly declare, that it 
any of my opinions fall under a juſt cenſure, 


I ſhall be much obliged to him who ſets me 


right. I have ſaid fo much, becauſe I think 


"that what Mr. Franklin has produced in the 


49th vol. of Philoſ. Tranſactions, page 300, 
as principles, will be found ſo far fram being 
principles, that they are not ſtrictly true. 


His firſt principle, that electric as, £1 


repel each other, is ſo far true, that electric 
atmoſpheres of the ſame denomination. repel 
each other; but when they are of different 
denominations, they then attract each other. 
His ſecond principle is in part true, and 
may be explained by the ſame means ; for if 
one body is more highly electrified than ano- 
ther body 1s by the ſame power, when the 
firſt approaches the ſecond, the exterior elec- 
tricity of the firft repels the exterior electri- 


city of the ſecond, but, per contra, attracts 


the interior electricity of the ſecond ; which, 
if duly conſidered, will explain the effects of 
Mr. Franklin's experiments. OY 
As to his third principle, that bodjes elec- 
trified negatively repel each other, it is erro- 
neous ; no body can be electrified 7 
aid 

in 


tively, as may appear from what I have 


691 
in my letter, and ſhall lay preſently ; ; for the 
power greateſt i in quantity always aQs out- 
ward, and the n is electriſied by that 
power. 

Nobody will appear to be electrified while 
the electric powers are equal in or on that 
body ; but it there be a greater quantity of 
one power than there is of the other power, 
then ſhall the greateſt quantity act outward. 
from that body, and the body will be eleQri- 
fied with that power, and repel another body 
elecrified in the ſame manner by the ſame 
power; but if the ſecond” body be electrified 
by the other power, then ſhall they attract 
cach other, and, after contact, all ſigns of 
electricity vaniſh, if they were equally elec- 
trified ; but if not, both will remain electri- 
fed with the exceſs of electricity of that body, 
which was moſt electrified. Al this appears 
in my firſt electrical experiment; but as the 
explanation of all electrical experiments de- 
pends upon rightly underſtanding this propo- 
ſition, that there are two different powers in 
electricity, and that they act in this manner, 
I would willingly be fully underſtood. | + 

The ſame conductor may be firſt electriſi- 
ed by either of the electric powers, by an ex- 
cited glaſs, and then by the other power, 
without altering any circumſtance in the con- 
ductor or glaſs, but merely by the manner of 
applying the glaſs to the conductor. The 
ſame piece of down may be electriſied by an 
— . glaſs, ſo as to be attracted and repel- 
led many times, as you think proper by the 

| H. 
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$4 
glaſs, without any freſh rubbing of the glaſs, 
or any other additional matter touching the 
down. The ſame conductor may be electri- 
fied with either or both the different | 
in ſucceſſion by the excited glaſs, whilein con- 


tact with the conductor, and all figns of electri- 


city be withdrawn with the glaſs, without any 
other matter touching the glaſs or conductor. 
Two ſmall conduQtors, with a piece of down 
hanging on each conductor, may be ſo ſuſ- 
pended, that with one touch of an excited 
glaſs, one conductor ſhall be eleQrified with 
the vitreous power, and the other conductor 
with the reſinous power, and yet both pieces 
of down ſhall be electriſied with one and the 
fame power; and upon withdrawing the glaſs, 
all ſigns of e in the pieces of down, 
and in the conduQors, ſhall Shins; or by 
the manner of withdrawing the glaſs, you 
may leave both e and both pieces 


of down electrified with one and the ſame 


wer. 0 
2 ſmall conduQor, with a piece of down 
ing from it by a linen thread, may be 
cledrified through the down by one ſide of a 
of ſaſh winks which is excited by rub- 
ing the 2 ſide of the glaſs; and yet by 
continuing to rub the ſame ſide of the glaſs, 
all the electricity may be drawn back again 
through the glaſs = the conductor; and 
farther yet by continuing to rub the fame 
ſide of the glaſs in the ſame manner, the 
down and conductor may be electrified _ 


| [31 
the power which is different from that which 
electrified them at firſt, _ 

I could eaſily tire you with a recital of ex- 
periments to evince the truth of what I have 
laid ; but much more ſo, were ] toexpatiate 
on the uſe of this combination of powers in 
the reflection and refraction of light, in the 

ſecondary 2 and repulſion in reſpira- 
tion and perſpiration, in evaporation and ex- 
halation, in nſation, in vegetation, &c. but 
even the catalogue is too prolix to repeat, and 
- lays open a train of enquiry too extenſive for 
my abilities, or inclinations to purſue; for to 
ſay truth, I have been more addicted to the 
purſuit of what the world calls pleaſures, 
than to philoſophical reſearches; however if 
what I write is any manner of entertainment 
to the Royal Society, or to you, I ſhall do my- 
ſelf the honour, at times, to continue a cor 
reſpondence. IF Bo 


To the erate 1 
Birch, Secretary to the 
Royal Society 


. This letter was feat, ated the gt 
| Seen 757. Ira); 
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L E YT NE 


SIR, Liſmore, 14th Jan. 1758. 
WROTE to you on the gth of Auguſt 
laſt, with a new doctrine of electricity and 

magnetiſm, but as I have not been favoured 
with an anſwer, I ſuppoſe that I have not 
made my doctrine intelligible; and indeed 1 
am conſcious, from the en manner in 
which I have delivered my thoughts, and from 
not taking my experiments from the appara- 
tus which is commonly uſed, that method, 
and à great deal more, is wanting to explain 
thoſe fodjeds folly. As to the want of me- 
thod, I am only guilty of a general neglect; 
for I think that 'no one has yet attempted to 
give a theory from facts to explain the firſt ac- 
tion by which electricity is made ſenſible. to 
us; I mean the attracting and then repelling 
any light matter, which 1s placed within the 
ſphere of activity, of the excited electric. If 
this method had been thought of, it would 
have led on to a more eaſy explanation of the 
effects of more complicated experiments. But 
I obſerve that a great deal of embarraſsment 
has ariſen from the adopting a few terms, 
which are unintelligible ; ſuch as bodies being 
electrified negatively, and that glaſs throws 
out the electric fire, and that ſulphur and re- 
fins drink it in; for ho is it poſſible to con- 
ceive 


[99 1 
ceive that two bodies ſhall repel each other 
the ſtronger, the more the repelling power is 
taken from them? or how can we ſuppoſe 
that glaſs, is always throwing out the electrie 
power, and ſulphur always drinking it in, 
without one being ever full or the other empty? 
I think the adopting theſe terms has occaſi- 
2 the loſs of a great deal of reſined reaſon- 
; but that I may not ſpeak too preſump- 
chile I ſhall proceed to deliver, in part, 
what J have to ſay of electricity. 

Electricity conſiſts of two Ailteneg diſtin 
powers, which always ftrongly attract, and 
condenſe, each other, and therefore when 
they are in equilibrio, they exert but little ſen- 
ſible action; but when the equilibrium is de- 
ſtroyed by 2 diminution of one, and the en- 
creaſe of the other, then the encreaſed povr- 
er has a power of expanſion, in proportion 
” the ſubtraction of the other attracting pow- 
which means it forms itſelf into what 
we 2 an electric atmoſphere; which atmoſ- 
phere will repel any other atmoſphere raiſed 
from the ſame power, but attract any atmpſ- 
phere raiſed from the other power of electri- 
city. Theſe atmoſpheres are always formed 
with an increment of rarity,” as they recede 
from the leſſened — power, which 
leſſened power always acts inward to the 
body which is electrified. Theſe powers 1 
2 have hy re called, 22 — ſake, 
1 sand the reſinouspo Theſe 
are _ attracted by all matter, 
always ound adheſtve Cs mat- 
ter, 
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ter, pretty near in proportion to the ſpe- 
cific. gravity of the = dy as far + of 

have been able to judge. Nor is it eaſy 
to ſubtract any part of either of theſe pow- 
ers from any part of matter, without adding 
an equal portion of the other power, which 
additlon it will retain, until it is ſupplied - 
with an equal quantity of the power firſt ſuh- 
tracted. So that when a ſpark is taken from 
the conductor, or any body electriſied by ex- 
cited glaſs, there is as much of the reſinous 
power paſſes from the finger into the conduc- 
tor, as there is of the vitreous paſſing from 
the conductor into the finger; but of this in 
the experiments. I hinted in my letter that 
the electric powers muſt be ſeparated in the 
body to be electrified, as well as on the excited 
electric. That they are fo, even before they 
make any exchange of power with the elec- 
triſied body, will appear by bringing any bo- 
dy, without points and ſuſpended by electrics, 
into the atmoſphere of the conductor, but not 
ſo near as to ſnap, ſuppoſe within two or 
three inches, you will find the end next the 
conductor electrified with the reſinous po-w- 
er; and the end fartheſt from it electriſied 
with the vitreous power; which may be tri- 
ed by ſuſpending a piece of down by ſilk, and 
touching the down to one end, it will be 
| eleQrified with the vitreous power, and will 
be attracted by the wax, and repelled by the 
glaſß; and upon touching it to the other end. 
it will be electriſied by the reſinous power, 
and be repelled by the war, and attracted by 


the 


I. 
the glaſs. That this body is thus electriied 
by the electric atmoſphere of the conductor, 
by attracting one of the powers, naturally ad- 
hering to that body, and by repelling the 
other power, without making any exchange 
with the electricity of the conductor, may be 
thus proved. Bring the ſame body,- diveſted 
of its electricity, (or, more properly ſpeaking, 
with its electric powers brought into an equi- 
librium ;) by touching it with your hand, or 
ſome non. electric, within the ſame diftaties x 

of the conductor as before, and conſequently 
the different ends muſt be electrified with the 
different powers as at firſt, while it remains 
in that ſituation ; but remove it from the at- 
moſphere of the conduQor, and bring” the 
ſuſpended down to touch it; you wilF find 
no ſigns of electricity in the body; the pow- 
ers then only acting upon each other are 

drawn into their natural condenſed ſtate all 
over the body, in which fate they baer but 

little ſenſible action. 

This . may ſhew how the file 
duſt, ſprinkled on a paper oyer the magnet, 
comes to be ranged in curved lines,” where 
the mi 1 5 atmoſpheres attract each other 
into that form; for every grain of duſt Has 
ts magnetic powers N ted by the . 
tie atmoſphere, and their poleß 74 
fame direction with the magnetic atmoſphete, 
conſequently they muſt" attract each other, 
while they are magnetical,” — — the fame 
direction with” the Sk ic atmoſphere; 


and this IN atid is done CAN — —1 
mixture 
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mixture of the powers in magnetiſm, as it 
is in electricity; as I can prove by experi- 
ments. But to return and leave magnetiſin 
for ſome future amuſement. 

I muſt here beg your patience while I add 
twoor three more experiments, to ſhew that 
the natural quantity of the electric powers in 
all bodies is thus acted upon by an ele ectric at- 
moſphere, while any body is immerged in it. 
For much e on 1 underfianding 
this matter. 5 

Take a ſtrong wire > ten inches long, turn 
the ends into ſmall loops, fix the middle to a 
glaſs handle with ſealing wax; from each 
loop ſuſpend a piece of down by a linen thread 
ſix, or ſeven inches long; bring the handle 
perpendicular over the conductor, the wire at 
right angles with the conductor, and parallel 
to the horizon; as you lower your hand you 
will fee the down ſtrongly attracted to the 
conductor, by the reſinous power being drawn 
into the down ; and the vitreous power repel- 
led into the wire; but when, you approach 
the wire ſo near as to change powers with 
the conductor, the down flies off to each ſide. 
Diveſt the wire and down of the adventitious 
electricity, and bring it as before but the wire 
parallel to the conductor, when the down 
comes within two or three inches of the con- 
ductor, it will be ſtrongly attracted to the 
conductor, and by keeping your hand at the 
ſame diſtance and the wire parallel to the con- 
ductor, you may carry it quite round the con- 
nn with the down attracted in all 08: 


a * 
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ons. But ſink your hand quite below the at- 
moſphere of the conductor, and then raiſe it 
with the wire parallel to the conductor, the 
wire will firſt approach the conductor, and 
therefore the reſinous power will be drawn 
into the wire, and the vitreous power repel- 
led into the down, conſequently both pieces 
of down will be repelled by the conductor. 
Bring the wire endways toward the conductor, 
three or four inches above the horizontal le- 
| vel of the conductor, and you will ſee the 
piece of down next to the conductor, attract- 
ed to it, and the. other repelled Goin: it; the 
one being electrified with the vitreous power, 
and the other with the reſinous power; which 
may be proved. by bringing a piece of excited 
Kali ing wax, near either of them; but turn 
the handle that the wire may change end for 
end, and the powers will be immediately 
changed in the pieces of down; that next 
the conductor being always electrified by the 
reſinous power. But while the pieces of down 
remain one attracted and the other repelled, 
take a piece of wire in your other hand, and 
touch the wire ſupporting the down, you will 
ſee the fibres of the repelled down immediate 
ly drop and riſe again, the down will then 
be attracted to the conductor, and be found 
to be electrified with the reſinous power. The 
reaſon of this change is, that all the vitreous - 
power in the wire and down is repelled-ihts _ 
your arm by the atmoſphere of the conductor, 
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drawn from you into the wire and down. 
Suſpend a ſmall cork ball with filk, that it 
may hang upon a level with the conductor, 
and within five or ſix inches of the conduc- 


tor, it will remain quiet there; but if you 


touch it with the end of a wire held in your 


hand, the vitreous power of the ball is driven 


into you, and an equal quantity of the reſi- 
nous power carried to the ball, by which 
means the ball is ſtrongly electrified with the 
reſinous power, and is attracted with great 
rapidity to the conductor; and if your wire 
be any thing pointed and directed againſt the 
ball, the ſtream of reſinous power flowing 
from it, will keep the ball fixed to the con- 
ductor, by continually ſupplying it with the 
reſinous power; but when you remove the 
wire, the then parts with its reſinous 
power to the conductor, in exchange for the 
vitreous power, of which the conductor has 
the greateſt quantity, and the ball becomes 
electriſied with the vitreous power, equally as 
the conductor is electrified, and is then conſe- 
quently repelled from the denſer part of the 
atmoſphere of the conductor to the rarer, the 
ball carrying its own vitreous atmoſphere with 


ir. That all eleQric atmoſpheres, whether 


vitreous or reſinous, are rarer as they recede 
from the electriſied body I ſhall prove preſent- 
ly by experiment. 'Sw{pend' two cork' balls, 
bylinen thread; over the conductor, and reach- 
ing within two or three inches of the conduc- 


tor; you will find them electrified by the re- 


ſinous power and repelling each other; but 
= * attracted 
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attracted to the conductor; for the vitreous” ' 
power is driven from, and the refinous'/pows' 
er attracted into them, by the vitreous at- 
moſphere of the conductor while the wheet 
is turning; but ſtop the wheel and touem 
the conductor, and the balls fall together in 
their natural ſtate. Try the fame experiment 
with ſtmalb balls ſuſpended by ſilk lines of 
ſix or eight inches long, the reſt of wire; you” 
will find the balls cleQrified with the reſinons 
power, after ſome time turning the wlicel; 
ſtop the wheel and touch the conductor, — 
balls will ſtill remain electriſied; becauſe it 
required time and force to drive off the vi- 
txeous power h the ſilk, and to attract 
the reſi nous power through the ſame but 
vrhen the atmoſphere of the conductor is re- 
moved, there is not any power to drive back” 
the vitreous power through the ſilk" to the 
balls. For here I muſt obſerve that ſilk, wax, 
glaſs and all electricg, have their powers ſepa- 
rated, and are electriſied with the different 
powers, which are inherent in themſelves, 
at theirdifferent ends, while fuſpended in an 
electric atmoſphere, in the ſame manner that 
non- electries are; but not fo ſuddenly; as 
their powers wilt not change place fo quick; | 
and in this ſlowneſs of chang ; conſiſts the 
difference of electries and non Suſ- 
pend a glaſs by clean filk over me conduo-- 
top at three ot ſour inches diftance; and aſter 
ſolde time turning ehe wheel, you wilt fin 
the end next to the conductor eſoctviſiod wic 
cs e Border With 
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the 
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tor, it will be repelled ; then touch it With 
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the vitreous power; as will appear by touch- 
ing each end with a piece of down, ſuſpend- 
ed by clean filk.: The ſame effects will ap- 
pear in wax in the ſame circumſtances; but, 
more evidently if the conductor iselectrified by 
a wax globe; but then the powers will change 
place, the vitreous: power will appear next 
to the reſinous atmoſphere of the conductor, 


and ſo in all other experiments, when a wax 


lobe is made uſe of. But I have all along 
uppoſed a glaſs globe to electrify the conduc- 


tor. Glaſs and wax ſuſpended by ſilk may 


be electriſied, as any non- electric is, by a 
wire communication from the conductor, 
which muſt remain for ſome time, and then 
be removed by a wax or glaſs handle. 

From the different powers exiſting, and 


| being capable of changing place in all elec- ; 


trics — to the power applied, you ſee. 
the neceſſity of obſerving whether you may 
not be — by it, in your experiments. 
Vou alſo ſee the neceſſity of clean ſilk, wax 
and glaſs, otherwiſe a man may be deceived | 
in many experiments; glaſs in particular, if 
it is fo cold as to attrad the damp of the air, 
is very apt to deceive, Let a-piece of down 
by ſilk within four or five inches over 
the conductor, then with a wire, with a 
handle, electrify the down from the conduc- 


the end of a wire held in your hand, it will 


be attracted towards the conductor, as — | 


purſue it to touch it, it will be bickly. elec- 
fed » with the * ing and — 
9 attracted 


- 
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attracted to the conductor, but repelled 93 
your wire; the change of powers in the 
down. af certainly be made through the 
wire, to and from your arm, the witreous 
being driven into and the reſinous attracted 
from it, by the power of the vitreous atmoſ- 
phere in which your arm is immerged ; and 
the down will retain its reſinous atmoſphere | 
when carried quite away from the atmoſ- 
phere of the conductor. Tho 1 fear I am 
growing tediods, yet I will add one es 2 
ment more, Nich I take to be an Exper 
tum Crucis in this caſe, which cannot "he to 
much explained. © und 
Take a cylinder of lead five, ink or + (ves 
inches long, more than half an inch diame- 
ter, round off the ends ſmoothly, then ſaw 
it through the middle and bore a gimlet hole 
in each of the ſawed ends, fit a peg of dry _ 
. ght into one hole and ſo that it may 
ily into the hole of the other piece; 
ſoſpead each piece by a double-piece of filk, 


the ends of which may be faſtened to the 


ends of two ſticks three or four inches long to 
prevent the cylinder from twiſting, &c.thefilk 
ſhould be fourteen inches long or more; ſuſ- 
pend theſe two pieces, joined by the peg in the 
middle, as one cylinder, about two or three 
inches above the oonductor, then remove them, 
ſtill joined together, quite out of -atinof- 
phe as of the conductor, and bring-a/ piece 
of down, ſuſpended by ſilk, to touch them, 
and if they ſhew no ſigns of being eleArified, 8 
you with held them far enough! above thje 
7 2 n : 
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sonductor; then carry them back and hold 
them at the ſame diſtance from the conduc- 
tor, and when they have remained there for 
a few ſeconds, lift up the upper piece and 
take it quite out of the atmoſpere of the con- 
ductor, and afterwards alſo the under piece 
without letting it come nearer the conductor 
in 8 you will find the upper piece 
electriſied with the vitreous power, and the un- 
der piece electrified with the reſinous power ; 
for hen a piece of down is touched to the one, 
it will be electriſied and repelled by the wax, 
but when touched to the other it will be at- 
tracted by the wax; or the down will play 
between both till it reſtore the equilibrium, 
and no more ſigns of electricity appear; 
which proves that the pieces brought no elec- 
tricity from the conductor, and that the 
powers naturally belonging to them were ſe- 
parated by the atmoſphere of the conductor 
in the manner I have been all along deſcrib- 
ing. Or let two cylinders touch each other, 
and all ſigns of electricity vaniſh upon reſto- 
ring the equilibrium between the natural 
powers of the cylinders. If equal, but diffe- 
rent, powersof electricity were only intimate- 
ly mixed by their mutual attraction, all ſigns 
of electrieity would vaniſh; but I ſhall ſhew 
That they are really condenſed thereby, and 
that they again expand themſelves in propor- 
tion e e off by withdraw- 
ing any part of either of the powers. * Dae 
< . I have been ſaying, [ think it 
caly to explain how light bodies will be at- 
trated, from the ſurface of a — 


. 


the conductor; * oy they are brow ht 
within the atmoſphere of the conductor, t eir 
vitreous power and that of the body on which 
they reſt is repelled, and the reſindus power 


attracted, by chich means the ſtall bodies 


become e electrified with the reſinous 
wer, and are therefore attracted to the con- 
duQor, till they exchange their refinous | pow- 
er for the vitreous power of the conduaor, 
and then they are repelled in the manner 1 
have mentioned of the cork ball. But in other 
circumſtances where theſe ſmall bodies are 
placed upon a perfect electrio (if ſuch a body 
were to be found, which I think is not to be 
found) or ſuppoſed to be free from all con- 
tact with any other body, with which they 
might exchange the electric powers to deſtr 
the equilibrium, and conſequently where 
they muſt be attracted with their powers in 
equilibrio till they exchange powers with the 
conductor; the attraction is exceeding weak ; 
and it will require a farther diſquiſition to 
explain the manner in which it is rmed. 
From what I can gather from the actions of 
the electric powers it appears to me, that a vi- 
treous atmoſphere repels another vitreous at- 
moſphere with a force exactly equal to that, 
; with which it attracts a reſingus atmoſphere 
of equal denſity, with the repelled vitreous 
atmoſphere. And that the attracting and re- | 
pelling atmoſphere acts with a force propor- 
tional to, and encreaſing with, its own den- 
Be From hence. it follows that a 175 
e, 
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5 [ 84] 
pended by a perfect electric in the atmoſphere 
of the conductor, muſt have its powers equal- 
ly attracted and repelled ; but as the reſinous 
power is attracted to, and the vitreous power 
is repelled from the conductor, the reſinous 

wer comes into a denſer part of the atmoſ- 
phere of the conductor, and the vitreous 
wer is driven into a rarer part of the ſame 
atmoſphere; conſequently the reſinous pow- 
er is more attracted by the denſer part of the 
atmoſphere, than the vitreous power is 


repelled by the rarer part of the atmoſ- 


phere; and the differenee between this 
repulſion and attraction muſt be the force 


with which the ſphere is attracted to the con- 


ductor. It is eaſy to ſee that this attraction 
of a ſphere can be but very weak, and ac- 
cordingly experiments evince the truth of 
this doctrine. Extend a wire horizontally a- 
croſs your room at right angles with your 
conductor, but two feet above it; and from 
wire hooks, to ſlide forward or back ward on 
the horizontal wire, you may ſuſpend your 
balls. Sufpend a cork ſphere of half an inch 
diameter, with very clean ſilk, to hang upon 
a level with, and within three or four inch- 
es of the conductor; turn the wheel and you 
ſhall ſcarcely perceive the cork to be atrract- 
ed; but when the cork is placed near enough 
to the conductor to be attracted, the motion 
begins very gently, but the velocity encreaſes 
as it moyes toward the conductor, notwith- 
ſtanding it is obſtructed by the gravity of the 
cork, which moves up in the arch of a circle to 


vrhich the ſtring is radius; but when the cork 


parts with its reſinous power to the conductor, 
| : | it 


n 
it is repelled with great rapidity; and if it 
ſtrike againſt your hand or any non electric 
in the atmoſphere of the conductor, which 

by that means has its reſinous power drawn - 
towards the conductor, the cork becomes 
_ eleArified with the reſinous power, and is at- 

tracted to the conductor, with a force excced- 
_ ingly greater, than that with which it was 
attracted while the powers were equal in the 
cork. Suſpend another cork ball, exactly ſi- 
milar to the firſt, by linen thread, hanging 
ſomething lower than the firſt, and placed 


twenty inches or two feet from the conduc- 


tor, you will find it more attracted at that 
diſtance, than the firſt is at four inches 
diſtance; the reaſon is, becauſe the vitreous 
power is repelled from the ball along the 
thread, and the reſinous power attracted to 


the ball, by the vitreous atmoſphere of the _ 


conduQor, by which means the ball becomes 
electriſied by the reſinous power, and is more 
attracted by the conductor, tho placed at 
ſuch a diſtance from it, and i in a 1 of its 
atmoſphere ſo much rarer, than the ball ſuſ- 
pended by ſilk is; becauſe the powers remain 
in equilibrio in the latter, which therefore 
can only be attracted by the laws I have laſt 
mentioned. Place the ball, ſuſpended by 
ſilk, within four or five inches of the-conduc- 
tor, and that ſuſpended by thread within 
nine or ten inches of the conductor; then 
turn the wheel briſkly, the ball ſuſpe ended 
by thread, will ruſh by that ſuſpended by filk, 
and remain fixed to the conductor as long as 
the conductor remains electrified with any 
$37 force, 
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force, and tho ball on ſilk remains at, or very 
-near its firſt diſtance. The ball on thread is 
fired to the conductor by the continual ſtream 
of reſinous power flowing in from the thread, 
an the place of the vitreous power carried off 
by the thread. Place the balls at the ſame 
diſtance's again, but take off the cathion from 
the globe or cylinder, and with a rubber in 
your hand preſs the globe lightly to raiſe the 
atmoſphere gently, has theouter ball may be 
drawn towards the inner ball with a flow mo 
tion, and when it comes to touch it, or ſo 
near as to exchange powers with it, the ball 
on ſilk will be drawn into the conductor and 
fed there by the reſinous ſtream flowing 
from the ball on thread; and if the atmeſ- 
pliere of the conductor be neither increaſed 
or diminiſhed, the ball on thread will remain 
near the place where it met with the 
flk ball but it the atmoſphere of the con- 
ductor be much tacreaſed by rubbing the globe 
harder, then the ball on thread will be alſo 
attracted to the conductor, and both balls re- 
main fixed there, provided that they he in 
conta3, that the ball on filk may be ſupplied 
with the reſinous power flowing in by the 
thread; but if they do not touch, then the 
ball on filk flies „and the ball on thread 
remains fixed to the conductor. Cork balls, 
no bigger than peas, brought on a large Mat 
8 which i is ene cold (for if a glaſs 
powers are much ſooner ſepa- 


rated in . Wah when cold) and a TYoached 
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EN? to the oonductor, before tlie gets | 
have time to place in the glaſs, the 
balls will not he attracted to the conductor * 
till almoſt in contaRt with it; but from a 
npn· electric they will be attracted at a bonſi- 
dèrable diſtance. The reaſon why, I have 
given before. Take a cork ball of an inch 
diametor ſuſpended by filk;; and a cork c- 
linder four inches long, and of the fame 
weight with the ball, the ends routided off, 
and ſuſpended by ſilk parallel to the horizon. 
Let them — ſeparately within an ineh 
and half or two inches of the conductor, that 
the end of the cylinder and ſide of the ball 
may be at equal diſtance from it; you will 
find the cylinder drawn into the conducter 
wen the ball is moved; notwith- 

ſtanding that the enter of gravity of the ey- 
linder hangs an inch and half farther from 
the conductor than that of the ball. Which 

hews the electric powers being farther 
rated in the cylinder than in the ball, 


the difference of attraction and repu | 
thoſe powers by the vitreous atmof of 

the conductor is greater in the cylinder than 
in the ball, becauſe they lie in greater degrees 
of the denffty and arity of the atmoſphere 
of the conductor, and xherefbre the cylinder 
is more attraded chan the ball. I could add 
more ex to this purpoſe, but Ice 
lieve theſe will be th. ann, 8 ache 
ww diher Aanttere; 0 Wer or © 
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- Though it may appear, from what I'have 
been ſaying, that electric atmoſpheres have 
an increment of rarity, as they recede from 
the body electriſied; yet, it may not be amiſs 


to bring an experiment or two, for farther 


Droof. As to the ratio in which it increaſes _ 
[ ſhall leave to others to amuſe themſelves 
with; but I think it will prove an endleſs 
ſearch; as it has done in magnetiſm, where 
there muſt. be a different rule for every dif- 
ference of ſtrength in the magnets which ap- 
proach each other, or for every different de- 
etic powers are ſepa- 
rated in the ſame magnet; the reaſon for 


which, I may, ſome time or other, trouble 


you with. Take a needle of four or five 
inches in length, ſupported on a. pivott, like 


a compaſs needle, no matter whether it is 


magnetical or not; place it perpendieularly 
over the conductor, upon a non- electric point 


fixed to the conductor; this needle muſt be 


electriſied with the ſame power with which 


the conductor is electrified, and, conſequent- 
ly, their atmoſpheres muſt repel each other; 


and if the atmoſphere of the conductor was 
of equal denſity, there would not be any rea- 

ſon for this needle's reſting in one point 
more than another, after it had been whirl- 
ed about; but you'll find, when it begins to 
ſtop, that it will traverſe backwards and for- 
wards, until it fixes at right angles with the 
conductor; the ends thereof with their elec- 
tric atmoſpheres, being ſtrongly repelled 2 

0 


1 
the denſer part to the rarer part of the at- 
moſphere of the conductor. Arm the ends 
of this needle with two piſtol balls; the ef- 
fects will be the ſame. -+ Or, place a magnetic 


needle, in the ſame manner, upon a gun bar- 


rel, ſuſpended length- ways in the magnetic 
meridian; neither the directive power of the 
needle, or the attraction of its ends to the 
barrel, will prevent its being repelled 


from the denſer to the rarer part of the elec- 


tric atmoſphere, and ſixed at right angles 
with the barrel. Place a point upon a non- 
electric, that it may cet og” a:level with 
the center of the conductor, and at fuch a 
diſtance, that the balls on the ends of the 
needle, ' when, placed upon the point, may. 
come within a quarter or half quarter of an 
inch of the conductor. Here the needle is 
differently circumſtanced from what it was 
when placed on the conductor; for both 
ends are electrified with the reſinous power, 
and, conſequently, equally attracted to the 
conductor, while parallel to it; but when 
one ball begins to move, it is more attracted, 
by getting into a denſer part of the atmoF- 
phere of the conductor, and by the other 
balls being leſs attracted in the rarer part of 
the atmoſphere; but moſt of all by the re- 
ſinous power being drawn into it through 

the point which ſupports it; and thus the 
ball gets into a conſiderable velocity by the 
time the needle comes to right angles with 
the conductor; and here a re- action would 
begin to obſtruct its circulation, if it were 
not prevented for ſome little tir me, while the 


ball 
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ball exchanges powers with the conductor, 
and the conductor is again ſufficiently elec- 


triſied to draw an equal quantity of the reſi- 


nous fire into the ball ; but in this time the 
ball begins to recede from the conductor, 
with a velocity ſuthczent to prevent the fu- 
ture re- action from ſtopping the ball, till 
the ball at the other — the needle be- 
comes neareſt to the conductor, and, conſe- 
quently, muſt be acted on as the firſt ball was. 
And thus, by an encreaſe of velocity in each 
turn, the e needle ſoon comes to run an hun- 
dred maids” a minute. It is indifferent 
which way the needle: begins to turn. But 
this needle will not circulate, , placed upon 3 
t in a dry glaſs Rand; nor will it circu- 
at ſuch a diſtance as prevents its chang- 
ing powers with the conductor. 
Tie the two ends of a piece of filk near 
the two ends of a 3 g-needle, ſo that, 
when you loop the middle of the Bk; the 
two ſides on needle may make an equilate- 
ral ſtick a 2 cork on each end 


of the necdle, and ſuſpend it by ſilk from the 


Joop,” that it may hang two inches above the 
conductor. When you elearify it with the 
vitreous power, of an excited glaſs, the corks 
are "repelled: from the pin" to the rarer 


parts of the vitreous at of the con- 


_ duttor, and: fand at right. angles. with the 


conductor; but then touch it with your fin- 
ger, or wire, that it may be electrified ag 


the refinous power; or, for more 


4 
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wax, and the corks are immediately attracted 
from the rarer to the denſer part of the vi- 
tteous atmoſphere of the conductor, and the 
needle ſtands parallel to the conductor. 

Alfter all that 5 been ſaid of the wonders 
fal power of 1 thall now ſhew that 
they do not a one inch beyond] the: ole 
\ tric | Htenoſſhiere ; nor do they act upon that 
, any farther than they are immerzed in it; 
And Indeed fo far it acts upon them; By 
drawing the reſinous power in through tie, 
and parting with fo much of the vitieons 
power as hear Fork: contact 8 By 
no more. u 
ſo that it may hang * the (rt the 
conductor; when you turn the wheel it I 
be electrified with the coVUor, and fly of 
to the extreme part of the atmoſ here of the 

conductor: : ſtop the wheel, and bring your 
point to the outſide of the down, inſtead of 
the down's being driven in toward the con- 

ductor, it will be attracted to the point, ill 
it has erchang with the point, and 
then it will de atttacted to the conductor. 
and be dearifiet apain, and repelled,” and 
when it comes within u certain diſtance of 
the point, it will be attracted to it, as to 
other non- electric; and ſo on, while the 
oontuktor remains elechtiffed. When the 
down ne thus 8 on de «tmoſ- 
re o condtt m — — 
Title" way Arto tlie 3 po 

the "down approach the conduct in 
rtion. to the immerſion of the Pane, 
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and ſo on, as often as you move the point 
forward to the conductor, but no farther, 
hold the point there as long as you pleaſe, 
which plainly ſhews that the point ads no 
farther than contact in drawing off the elec- 
tricity. Indeed, while the 8K is turning, 
and the point immerged in the atmoſphere, 
there is a ſtrong, ſtream of the reſinous power 
flowing in from the point to the con: uQor, 
and that in proportion 4 r vitreous FIRE 
carried off by the ; (for the 
powers do change pl — more eaſily Nur 
points and ſlender bodies than when their 
ſurfaces are oppoſed to each other in any 
conſiderable — 5 and if this ſtream 
meets an elecirified cork ball, or piece of 
down, it will change their powers, and elec- 
trify them with the reſinous power, by 
which means they are attracted to the con- 
dudor, and will - fixed there by the conti- 
nual — of reſinous power. But, draw 
back your hand into the rarer part of the at- 
—— to leſſen the reſinous ſtream; and 
you'll ſee the down get off from the con- 
ductor by . and hang between the 
two - hy without N > forced into the 
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ed round the edges, and ſuſpended from my 
conductor; for, as: the are electrified 
with one power, and the fect with the other, 
they are repelled at both ends, and, there- 
fore, never come in contact, except the plate 
is raiſed high enough to let the lower part 
of one touch the higher part of another; and 
then they attract each other, and ſtick toge- 
ther. This dance has a droll a 

and I have ſcarcely met with any one-who 
could look on without laughing: but it ro- 
quires ſome ſkill and practice to ſhape the 

ts, for a very minute alteration will 2 
. dance, or remain fixed to the 
top or bottom; for, the uppe r part muſt be 

ſo much larger than the 3 as to 
contain à part of the power going in, as 
mueh greater than that going out, as grill be 
equal to the gravity of the paper; but, from a 
little practice, I can. make one of them dance 
for ſome e e ee top or 
bottom. 

But, to return hoc my points. ere 
dent, from all the experiments that can be 
made, that points have not any power ws 

on the electric 1 here at the diſtanee of one 
inch; how is it than poſſible to ſuppoſe they 
n draw electricity * the clouds at a 
thouſand yards diſtance ? for ſo far, and of- 
ten much farther, is the ſeat of thunder ge- 
nerally:: placed from us. I know? that vety 
magnificent ideas of the extent of the electric 
atmoſphere af the clouds have been formed: 
and delivered to the * as if they may 

, I extend 


* 
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extend to theſe points on or near the ſurface 
of the earth; but upon what foundation in 
reaſon theſe ſuppoſitions are ſupported, I muft 
own I cannot to: For it is plain that the 
electric atmoſphere of a thunder cloud can 
only be a continuation of the electric atmoſ- 
pheres of all the drops; for we cannot ſup- 
poſe it one —— body till all 
the drops are joined in one body, and then 
indeed it may be very extenſive. For if we 
confider how this electric atmoſphere is form- 
ed, the extent may in ſome meaſure be gueſs 
ſed at, atleaſt I think the method of compu- 
ting will be reaſonable. If every particle of 
vapour carries up an electric atmoſphere pro- 
portioned to its diameter, after a coalition to 
form drops, the diameter of the electric atmoſ-. 
phere of the drop muſt be in proportion to 
the diameter of the drop, as the diameter of 
the atmoſphere of the particle was to the di- 
ameter of the particle, which can never 
amount to this monſtrous extent. But I 
am running from my purpoſe, which was to 

explain the phænomena of electrical 
ments, among which T think the — 
and diſcharging Mr. Muſchenbroecks bottle 
has raiſeq the attention — the 9 1 
ſhall: therefore . th: myſtery of that 
phæmomenon. In doingof which think Tſhall 
_— _ the 2 2 when, i ui 
== one power 5 
* ir 5 


. 
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other power; which expanſion is in par- | 
tion ths increaſe. of — power and the di- 
minution of the other power. 
Place your bottle upon an electric land with 
a communication from the conductor, then 
turn the wheel and you will find the bottle 
electrified on both ſides with the vitreous 
power; which may be proved by touching 
them with the down ſuſpended by ſilk; for 
when it is electrified by touching the outſide; 
it will alſo be repelled by the hook or ball, 
which communicates: with the inſide of the 
bottle; when you apply a non- electric to the 
conductor, all ſigns of electricity are drawn 
from the conductor, hut the bottle remains 
in ſome degree charged; which degree will 
inereaſe with, and be in proportion to n : 
time of turning the wheel. Try this e 

ment with the communication to the 3 | 

of the bottle; you will find the top of the 
bottle, and the outſide both electrified with 
the vitreous power, as before; but when yo 
diſcharge the conductor by touching it, the 
bottle is salle entirely diſcharged. The reaſon 
of theſe different effects I ſhall explain pre- 
ſently. The bottle I commonly uſe is a 
quart bottle filled with ſnot and water, with 
a wire thruſt through the cork and a piſtol 
ball at top; the body is wrapped round with 

two or three turns of common ſheet lead; 
for 1 obſerve it is neceſſary to have the non- 
electrie on the outſide e del to that within; 
—_ the more © theſis ee both, the higher gimp | 
29 ttle 
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bottle will charge. But the degree of charg- 
ing depends upon the degree of ſeparation of 
the powers between the cuſhion and globe; 
and therefore much depends upon having a 
proper cuthion. I have found a pig's blad- 
der placed on linen or paper a very little 
damp, but not ſo much as to make the blad- 
der moiſt, to anſwer well. But a moiſt or 
wet cuſhion will never produce a ſpark from 
the conductor; becauſe then the ſurface of 
the globe becomes non electric by being wet- 
ted, in which caſe the powers cannot be ſe- 
parated. So that I fear Mr. Franklin's me- 
thod of collecting electricity (which is the ba- 
ſis of his famed hypotheſis) by rubbing the 
ſea- water againſt the ſalts which are diſfoly- 
ed in it, wr do. I place my bottle on 
2 .round board, upon the necks of three 
clean bottles. From a bottle thus pla- 
ced a wire communicates with the conduc- 
tor, and another from the coating to the ta- 
ble; when the wheel turns you will not find 
any ſigns of electricity in the coating when 
you touch it with the bog-down ; but the 
top ts electrified with the vitreous power, and 
as often as you remove the wire communica- 
ting with the table, you will find the coat- 
ing alſo electrified with the vitreous power, 
till the bottle is full charged. Then remove 
our wires from the conductor and table, 
and touch the coating with your finger ; the 
down will hang ſuſpended by it without a 
appearance of being electrified; then touch 
the bullet with your finger, and the _ 
i will 


1 
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will be ſtrongly repelled from the. coating) 
and be electrified with the refinous power. 
Then touch the bullet with another piece of 
ſuſpended down, and the down will be 
electrified with the vitreous power and be 
repelled; then touch the coating with 
your finger, and the down is repelled 
much farther by the bullet; but the down 
which was repelled from the coating is 
now attracted to it, and remains quiet 
there, till you touch the bullet with your 
finger, and then it is electrified as at firſt and 
violently repelled, and the down which was 
electrified by the bullet is now attracted to- 
wards it. And this change in the extent of 
the atmoſphere of the different powers 1s al- 
moſt inſtantaneouſly made, as often as you 
touch the bullet or coating. Or you may 
place your wire from the bullet to the con- 
duQor, and ſuſpend a piece of down to touch 
the conductor; when you touch the coating 
the down is repelled from the. conductor, and 
that next to the coating is attracted to it; 


then touch the bullet, and the down is repel- 


led from the coating and attracted to the 
conductor; and ſoon, as often as you touch 
the bullet and coating. From hence, I think 
that two things evidently appear; firſt, that 
the bottle is electriſied with the vitreous 
pdwer on the inſide, and with the reſinous 
power on the outſide. Secondly, that when 


the balance of theſe powers is deſtroyed by* 
| leſſening the quantity of one, the extreme 


part of the other expands itſelf into an ex- 
tenſive atmoſphere; and that the atmoſphere 
r | : CC f 


- 
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of the leſſened power is condenſed, as appears 
by the down's falling cloie into the eonductor 
or coating. But here a more myſterious phæ- 
nemenon appears, which has not been taken 
notice of, (nor indeed was it poſſible to take 
notice of it, until it was underſtood! that 
there ate two powers in electricity) that the 
extreme parts of the vitreous and reſinous 
atmoſpheres meet on the outſide of the bot- 
tle without attracting each other ſo as to mix. 
+ Which I think may be thus accounted: for. 
' The electric powers are attracted to matter 
(the bottle) according to the quantity of mat- 
ter, therefore the moſt condenſed and attrac- 
tive parts of theſe powers muſt meet at the 
glaſs; and the attraction of each proceeds 
through the ſeries of particles of the other 
power to the extremes, conſequently the ex- 
tremes cannot attract each other with a great- 
er power than they are attracted themſelves 
by the denſeſt and moſt attractive part of the 
oppoſite and attracting power at the glaſs. 
It now remains to ſhew how theſe powers 
came to be ſituated on the inſide and outſide 
of the bottle; or why they do not mix through 
the glaſs where their ſtrongeſt attraction is. 
We 'muſt firſt conſider the ſeparation of 
theſe powers between the globe and cuſhion, 
for, according tothe degree of ſeparation there, 
all the. reſt muſt follow. The globe parts 
with its reſinous power to the cuſhion in 
exchange for the vitreous, the conductor in 
like manner to the globe, and the inſide of 

the bottle in like manner to the conductor; 
and ſo the * go on with the 
| next 
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next non: electric; but that the bottle gives 
ſome obſtruction to the paſſage of the 
electric powers; by which means the * 
treous power which paſſes through the 
or round by the outſide of the bottle, tb 
the non: electric upon the outſide of 5 
bottle, is carried off, together with the vi- 
treous power of the coating, along the wire 
which communicates with the table, in ek!—- 
change for an equal quantity of reſinous pow- 
er brought back by the wire to the coating 

of the bottle; till at length the reſinous 
power on the outſide becomes a balance in 
attraction to the vitreous power on the m- 
fide; by which means the reſinous power is 
drawn from the inſide of the bottle to the 
conductor; ſo that the bottle remains a par- 
tition between theſe powers; and they can- 

not change place through the fine pores of 
the bottle, while their ſurfaces are oppoſed 
to each other in ſuch quantity. For you'fee 
when the juncture is made in open air, where 
their ſurfaces are oppoſed in any quantity, it 
is not done without violence; for hen 
compleat the circle with flat ſurfaces a little 
- convex in the middle, the conſequencè is aloud 
crack and flaſh of fire, by burſting throws 
each other. For where the different 
attract each other in any quantity, —— 
mucli condenſed, which I could prove by erpe- 
riment. Thie wonkk alſo prove gras mat- 
ters whielv I would willingly e to, but I 
har not room for every thing. The violent 
conmuifion felt through the body, by com- 
pleating the circle with the hands, is only 
occaſioned by the different powers paſling i in 
K 5 oppoſition 
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oppoſition through the 3 nerves. For let 
one man touch the coating, and another touch 
the top of the bottle, the bottle will be diſ- 
charged without ſhocking either of them; 
tho” it is evident that as much fire paſſed 
through cach, as if each had ſingly diſcharg- 
ed the bottle. But in this caſe the fire is dif- 
fuſed through all parts of the body, and the 
fire brought in is 3 from all parts of the 
body, therefore the nerves cannot be ſo much 
ſhocked as in the firſt caſe, where all the fire 
paſſes, in oppoſition, through the ſame nerves. 
The reaſon why the bottle ſet on a glaſs ſtand, 
in the firſt mentioned experiment, without 
any communication with the table, remains 
charged after turning the wheel for ſome 
time, and then diſcharging the conductor; 
| 18 D the vitreous power at the outſide 
| drew up ſome of the reſinous power from 
= the table through the ſides of the glaſs ſtand 
—_ (for. I ſhewed before that there are not any 
| bodies perfectly electric, and that the po.] - 
| ers may be changed in glaſs) or perhaps from 
| the damp of the air, &c. but this adveatiti- 
ous reſinous power has no way of retreating 
upon diſcharging the conductor of its electri- 
city; and therefore by its attraction of the 
vitreous power in the bottle retains an equal 
quantity of it there, by which means the 
bottle is ſo far charged, and remains ſo till 
diſcharged in the common way. But in the 
ſecond experiment where the wire from the 
en cit is fred to the r whatever 
bee 
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reſinous power is drawn. from the table to the 
— paſſes on in exchan m_ to the conduc- 
tor, globe and cuthion, and there being no 
way for the reſinous power to come at the. in- 
ſide of the bottle; upon diſcharging the con- 
duQor, the bottle i is found entirely diſcharged, 
with its powers in equilibrio in their natural 
ſtate. But the moſt myſterious phenomenon 
of this bottle ſtill remains, without any no- 
tice being ever taken of it, that Tycan find; 
which 1s, that after the bottle has been highly 
charged, and then all communication remov- 
ed, and the conductor diſcharged that no 
electrie atmoſphere may be near the bottle; 
after you diſcharge the bottle ſo far that no. 
ſigns of electricity appear upon touching the 
coating with the finger of one hand, and the” 
bullet with the finger of the other hand; yet 
u upon letting the bottle remain two or three 
minutes upon the ſtand, you will find it in 
ſome meaſure charged again, ſo as to yield a 
ſpark and give a ſhock to be felt in the wriſt; 
and after that diſcharge let it reſt three or 
four minutes more, you will find another 
charge that may be felt as far as the A 
or back of the hand, upon diſchargin 
bottle with a finger of each — n For 
by letting it reſt for longer rnteryuls you will 
find it revive for five or fix times, the ſparks - | 
= ing ſmaller in each ſuccefſion. If the 
e be diſcharged with a wire fixed to a 
glaſs or wax handle, the revived charge (as 1 
3 yrs _ m_ . the 1 W's effect 
K 4 Linas | 
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charged according to the diſparity of the pow- 
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I muſt own at firſt ſurprized me, and ſeemed 
very difficult to explain; but I now think it 
may be As by the laws which I have 
given, and accounted for in this manner. I 
think that it may be eaſily conceived from 
the manner in which a bottle is charged, that 


there is a greater quantity of the electric 
powers affixed to a hottle highly charged, 
than would be affixed to that 2 855 by its 
mere attraction of thoſe powers by! its quan- 
tity of matter. When this bottle is diſcharg- 
ed by a tree communication from the inſide 
to the quttide, theſe powers are equally mix- 
ed among each other, that is 8 
of reſinous and vitreous withinſide; and equal 
quantities of reſinous and vitreous withoutſide; 
and the quantities of both equal withinſide, and 
withoutſide. They then attract each other e- 
qually, and therefore a communicationftom one 
ſide to the other, produces no change in theſe 
powers, and therefore no ſenſible action. But 
theſe powers being more than the bottle can 
hold by attraction, one of them begins to move 
off from the outſide to the adjacent matter, 


and upon that ſubtraction, a different power 


allo gets off from the inſide, in proportion to 
that which has quitted the outſide; now tho 
the quantities within and without are equal, 
yet they are not equal as to themſelves, that is, 
there is mere of the vitreous than of the reſi- 
nous within, and more of the reſinous than 
of the vitreous. without; ſo that when a com- 
munication is formed, the bottle appears to be 


ers 


b equal quantity ef the roſindus powor 
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ers within and withont. Thus this exchange 
goes on to the fifth or ſixth ſueecoſſion, or far- 
ther according to the intervals of each trial; 
but if time ſuſſicient be allowed at firſt, the 

equilibrium will be reſtored in one diſcharge. 
There are many complicated caſes of this 
bottle which I think have not been taken no- 
tice of, two or three of which I will menti⸗ 
on. Fir, when the bottle is fully charged by 
the wire, and the wire removed fromfthe ta- 
ble; you may ſhift the communication with 
the conductor, from the top of the bottle to 
the coating, and by continuing to turn the 
Wheel, the reſinous power, with which the 
coating is electriſied, becomes covered with 
the vitreous. power, and you may take as ma- 
ny ſnaps from it as you pleaſe; or electriſy 

as many bodies by it with the vitreous power 
as you think pro per, yet it makes no altera- 
tion in the charge in the bottle: for when you 
ſtop the wheel and remove the communicati- 
on with the conductor, and touch a finger to 
the outſide of the bottle, all ſigns of the vi- 
treous power dee ee and the refinous 
power appears upon the coating, when you 
the circle is compleatad, the bottle is dif- 
charged with as loud a report as ĩt wankÞhave 
done before you applied the eammunicating 
withim the bottle being undifturbed; keptian 


fiemly 
the bottle is fully charged, and you ſhift the 
5 1 wire 
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wire from the conductor, to the coating, from 
the top of the bottle, after the wheel has 
turned ſome little time; if you attempt to 

| < take a ſpark from the bullet, you will receive 

* it with violence at double the diſtance you 

. can draw a ſpark from the conductor; the 

reaſon is, that the vitreous power, covering 


| the reſinous power on the outſide of the bot- 
| tle, takes off the attraction of the reſinous 
| power from the vitteous power at the inſide, 
* and therefore leaves that power with greater 
| freedom to fly off; but as you take the ſnaps 
the ſparks leſſen at every ſnap; becauſe the 
| vitreous power in the bottle is leſſened, and 
the reſinous power, within, encreaſed by the 
ebf taken in, in the exchange on every 
. nap. And thus in a few ſnaps the bottle is 
diſcharged; but if you go on to take more 
ſnaps, the bottle is recharged with the reſinous 
| power in the inſide, inſtead of the 'vitreous 
| wath which it was charged before. Here is 
| another caſe. Suppoſe an hundred turns of 
; the wheel will charge your bottle; turn fifty 
[ of them, and then remove the communication 
between the coating and table; as you turn 
| on, (whether you continue the communicati- 
| on from the conductor to the top of the bot- 
| tle, or ſhift it to the coating) you will find the 


| bottle electriſied with the vitreous power with- 
in and without; then with wax or glaſs, re- 
| move the wire which communicates with the  _ 
| conductor; and with a wire, fixed to a wax 
| or glaſs kandle, diſcharge your bottle; thre 
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will be as loud a report as you were to expect 
from fifty turns; but the bottle will remain 
electrified with the vitreous power, both with- 
in and without; and this electricity will be 
diſcharged both within and without, by touch- 
ing either the bullet or coating with your fin- 
ger. Here I could add much in regard to the 
paſſage of the electric powers through glaſs; 
and various other matters. But if I were 
to explain all that occurs I muſt write a long 
letter indeed. But as it is reaſonable to ſup- 
poſe that you will now be pleaſed. to come to 
the end of this, I will conclude with requeſt- 
ing that any of the ingenious gentlemen of 
the ſociety, who have been converſant with 
electricity or magnetiſm, will tell me honeſt- 
ly where they think I am wrong, or where I 
have been deficient in explaining my meaning, 
or to communicate ſuch effects as they think 
cannot be deduced from the laws of electri- 
city which I have laid down; or that they 
would be ſo good as to communicate any 
thoughts of their own-towards. eſtabliſning 
ſome fixed dodrine of electricity, that we 
may not be led any longer by vague conjec- 
tures, but be enabled from ſome fixed laws to 
deduce the uſe of electricity in the operations 
of nature. I have obſerved Mr. Vatſon s and 

Mr. Canton's names in the Philoſ. Tranſac: 


tions, -I'ſhould be obliged to theſe gentlemen 


in particular; for I live in a neighbourhood 
where, there is not a ſingle man, who has an 
. taſte, for reſearches of. this kind ; and el. 


22434 -.naH 
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tom in a great meaſure governs the world, 
when I am quite well, and at liberty, I am 
employed in the amuſements of the place; 
but I am ſubject to long confinements by the 
gout, and in them I attempt ſomething of 
this kind, which if it appears to the Society, 
or to you, to be trifling, or incorrect, you 
ſee the reaſon why. 

It may be now objected, that the laws I 
have laid down are not coincident with the 
laws of gravity of attraction. I readily grant 
it; for the one is a priticiple of reſt, andithe 
other a principle of motion ; therefore their 
laws cannot be the ſame. And, though elec- 
tricity itſelf in ſome meaſure ſeems obedient 
to the general attraction, as it is found adhe- 
ſive to all bodies in proportion to their quan- 
tity of matter; yet, in numberleſs caſes, it 
does counteract and overcome the . of 


1 houph I a conibions' that this letter is 
too | ws yet I alfo know that I have omit- 
ted much which is to the preſent 1 | 

and 1 muſt make it longer, by making an 
„in faying how difficult it is to pro- 
dice 4 new doctrine, and to eſtabliſh it by 
iments; in the compaſs of one letter, 
after” all that has been faid by fo many con- 
ſiderable men on this ſubject. But how far 
F have dene this, is ſubmitted te the jadg- 
rr n iy 5 59 Ia 1h 

5 your Won humble; and 
mot obedient ſervant, - 


HEN. ExLEs. 
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_ I am ſomething like @ fellow at the gal- 
lows, who often > pr leave, but is very un- 


willing to diſpatch the audience; fo am 1 


plaguing you with poſtſcripts. There is 
one obſervation which obtrudes itſelf, which 
I muſt beg leave to mention. I have faid 
that the electric powers are. adheſive to all 
matter; it may be aſked; why not then to 
the particles 2 air? I anſwer, from many 
experiments and obſetvations which I have 
made, I think it highly probable; that they 
are; and yet that all the eleGrical experi- 
ments which we make, ma be carried on in | 
the air, in the ſame; manner we find 
are; and, from many uſes of the air in 
nature, I think it highly neceſſary that the 
electric powers ſhould be joined with it; and 
ea effects of the air, W that they really 
But here I foreſee a ready objection to 
awe J have ſaid of the aſcent of vapour and 
exhalation, vis. That if the electric powers 
are added to the particles of air, in proporti- 
on to their ſpecific gravity, hom can the af- 
fixing. it to particles of vapour 8 
proportion render them: ſpecifically 
than air? Fanſwer, that the extent — 
atmoſphere affixed to each particle — be 
in proportion to the mixture — the electrio 
powers adhering to that partiale, and: conler | 
quently the particles of vapour may have 
| — _— = _— 
particles of air; day bding: detached: © 
groſs bodies, han n _ beg. ONT 
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ed, as we call it; and therefore the particles 
detached from them may bring off the elec- 
trie powers affixed to each particle in very 
different quantities. And thus, my ſyſtem 
of the aſcent of vapour and exhalation, 
thunder, rain, &c. may be better explained 
than before. But this would require a paper 
by itſelf; therefore, for the preſent, I ac- 
quieſce. I | | 5 
J believe, I ſhould have mentioned the 
oylinder I uſe, becauſe it is but ſmall in pro- 
portion to many others, that the experiments 
may be better underſtood ; and, alſo, to ſhew 
another circumſtance in the eaſy fitting up 
of globes, or cylinders. Mine 1s a clear:glaſs 
bottle, four inches and an half diameter, and 
ſever: inches long in the fide, with an iron 
axis paſſed through the middle, which does 
not prevent the working of the bottle; for 
the ends of the bottle, the iron axis, and the 
pikes of the lath, upon which it turns, are all 
electriſied with the reſinous power, while the 
wheel is turning; which ſhews that the vi- 
treous power does not fly off that way: and 
a communication from the pike to the coat- 
ing of the bottle, will make the bottle charge 
ſooner and higher, than a communication 
with any other non- electric; becauſe the re- 
ſinous power is there prepared to fly off to 
Here, I could tell how heat excites, and 
friction ſeparates the electric powers; but 
this would require a recital of experiments 

too prolix to inſert. e 
. I muſt 


— 
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I muſt beg the favour that you will let 
me know, if this letter gets to your hands, 
or whether you received mine of the gth 
of Auguſt laſt. Wherever I mention down, 
I mean bog down, and not the down of fea- 
. thers, which will not anſwer in theſe oxpe- 
riments, being itſelf an electric ge ſe. 


% en this letter, dated 14th 8 
175 8, to the Reverend Thomas Birch, ſecretary 
to the Royal Society, in Crane-court, PIR | 
fireet, LANIER. os 


LETTER VII. 


SIR, Ie 2d Sinn ai | 
SEND you by this poſt a letter for the roy- 
al ſociety in two pacquets, and the inclo- 

ſed. My deſign in this letter is to give a 

farther explanatien of the cauſe of thunder, 

and of the deſcent of vapour and exhalation, 

&c. But as my reaſoning in this letter is 

founded on a doctrine of electricity, which 1 

communicated to you in a letter of the 14th 

of February, 1758, and that I find that that 
letter is not inſerted in the Philoſo. Tranſac- 
tions, I am doubtful that this letter may be 

thrown by with the ſame inattention. All I 

can ſay is that Iam fullyaſcertained, by num 


berleſs experiments, of the truth of that doo-- 


trine; and that I am perſuaded, that, if any 


of * WR ny the Kan; x 2 19. had ex- 
5 amined 


* 


n 4 16 


c 
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amined it carefully, they alſo would have found 


it to be true. I may add farther, tho' it may 
en preſumptuous in me, that it is the on- 
y doctrine of electricity extant, (which I 


| — of) which can fully explain the electri- 


cal phænomena. For what Mr. Franklin has 


| raid. (tho an ingenious, and I believe an inge- 


nuous gentleman) that electricity reſides in 
glaſs. in ſuch a manner that when one ſide of 
the glaſs receives an additional quantity of 
electricity, (which he always ſuppoſes that it 
does, when it is electrified; tho' this is alſo 
a miſtake) the other ſide always parts with 
an equal quantity of its natural ſhare of 
electricity; ſo that, according to his explana- 
tion of charging the Leyden bottle, one ſide 
muſt be electrified negatively, or minus 


that is, want as much of its natural ſhare of 


electricity, as the other has over and above 
its natural ſhare. I fay, that this is all a 
miſtake; for glaſs may be electrified at both 
ſides, at the K time, either by the vitre- 
ous or reſinous power: and, therefore, in 
the firſt - caſe, both ſides muſt abound wth) 

electricity, and, in the next. both ſides muſt. 


want of their natural ſhare. Which quite 
overſets his doctrine of electricity in glaſs. 
A thin plate of wax may alſo be electrified 
at both ſides at the — time, by either of 


the powers. And, what is inore, þ can elec- 
fied- war; or;. I can electrify the wax in 
either manner; by electriſied glaſs; or, I 
can Jeave the different ſides of the wax, or 


. 
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glaſs, electrified by the different powers of 
electricity at the ſame time. Which matters 
can never be explained by poſitive and nega- 
tive electricity, or a plus and minus of the 
ſame power. Nor can any of the phænome- 
na of electricity be explained by the action of 
one ſingle power; ſince it is evident that they 
depend upon the actions of two different 
powers, and their manner of acting on each 
ar. ee 7 Bs 
Mr. William Watſon in his experiments in 
vacus, in the 47th vol. of Philoſ. Tranſ. thinks 
that he ſees the electricity paſſing in through 
his vacuum to the machine ; but in this he 
ſees but in part ; for there is as much of one 
power going out as there 1s of the other com- 
ing in; for theſe powers are never rendered 
viſible but in paſſing from one body to ano- 
ther in oppoſition to each other. And this 
he may try by placing his vacuum upon wax, 
and applying the wire of a Leydenphial, while 
the coating is held in his hand, to the farther 
end of his vacuum, and he ſhall find the phial 
Charged with the power which comes out 
from the machine, which will be contrary to 
that which goes in. And Tam confident that 
if I were with the gentlemen of the Society, I 
could eafily convince them of the truth of my 
doctrine. All J require is, a careful exami- 
nation of it; and that, if in any part of it I 
appear unintelligible, I may have an opportu- 
nity of explaining the matter more fully. | 
As the electric powers are a great principle 
of motion in the world, it is nn | 
L the 


1 


ie 

the while to enquire into the truth of a doc- 
trine which ſo caſily explains all the known 
phznomena of electricity in its natural and 
artificial operations ; which, without it, are 
inexplicable. 
As I do not know that any writer upon * 
tricity has conſidered it as conſiſting of two 
different diſtinct elaſtic powers, I ai the leſs 
ſurpriſed that my doctrine is not readily ac- 
cepted; but ſurely, if it be true, it is not lefs a 
truth for my having ſingly hit upon it. A 
truth which will greatly conduce to ſpecula- 
tive knowledge, and that it may be applica- 
dle to practical knowledge, I have often ex- 

8 particularly in the curing of the 
human 

I ſhall only trouble you with one experi- 
ment more, which, if any of the writers on 
electricity can explain by any thing which I 
have ſeen publiſhed about poſitive and, nega- 

tive electricity, or a plus and minus of the 
fame power, or by glaſs: throwing out and 
wax drinking in the electric power, or by any 
ſuppoſed action of one fingle power, I ſhall 
readily grant that I have troubled the Royal 
Society, with my doctrine of two different N 
diſtinct elaſtic powers, to very little purpoſe. 

I have two cylinders, one of glaſs and one 
of ſealing-wax ; each about five inches diame- 
ter. Which cylinders I can make exchange 
officeus as often as I pleaſe ; that is, I can 
make the glaſs throw out the reſinous power, 
and en the conductor and all other mat- 


ters 
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ters communicating with it in the ſame man- 
ner that wax generally docs; and I can make 
the cylinder of ſealing-wax, throw out the 
vitreous power, and electrify the conductor 
and all other matters communicating with it, 
in the ſame manner that glaſs generally does. 
Which ſhews, that both the different powers 
exiſt together both in the wax and in the glaſs, 
ſince I can alternately throw out which pow- 
er I pleaſe, cither from the wax or from the 
_ - 
8 I can, with a rubbed. piece of alt 
electrify a piece of bog down ſuſpended in ſilk 
with the vitreous power, and then retract that 
and electrify it with the reſinous power, and 
thus change the powers in the down ſeveral 
times without any freſh rubbing of the wax, 
or touching it to any other thing, which de- 
monſtrates that both the powers exiſt together 
withoutſide the furface of the wax. Nor ſhall 
a ſpeQator perceive any difference in my man- 
ner of touching the down with the wax. 
[Theſe facts I have ſhewn to hundreds of peo - 
ple; ; 5 75 can atteſt the truth of what Iwrite; 
and many more experiments, which demon- 
ſtrate that two different diſtinct elafiic pow- 
ers of electricity do exiſt together in, all 
bodies. 

And upon theſe powers being equally at- 
tracted by all matter, and their equal and 
ſtrong attraQion 'and condenſation of each 
other, and their great elaſtic power, depend 
Le the phænomena of electricity; and this 
PITS L 2 will 
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will be found true while things ſubſiſt in their 
preſent order. For the Creator eftabliſhed the 
principles of motion and reſt invariable ; for 
ſhould they alter or ceaſe, all muſt fall into 
wild diforder and confuſion. . 
And now, fir, I muſt beg leave to addreſs 
you in your private character, and to requeſt 
a favour which I hope you will not retuſe, 
which 1s only to let me know whether my 
letters of the gth of Auguſt, 1757, 14th of 
February, 1758, and 26th of February, 1760, 
got to your hands. For if you received them, 
and they were not thought worth the atten- 
tion of the Royal Society, it may be imper- 
tinent to trouble them, you, or myſelf with 
any more eſſays on this, ſubject, tho it might 
well employ many hands for much more time 
to come. 3 

I have been * to by ſome friends to 
write ſomething ſyſtematical on electricity, and 
particularly by ſome phyſicians, to explain my 
method of applying the electrical powers to 
medicinal uſe; but if my papers are accepted 
by the ſociety, I ſhould rather chuſe to write 
eſſays than ſyſtems; but if not, I ſhall endea- 
your to leave my diſcoveries and opinions of 
thefe matters to the world in another courſe. 


| I am, SI R, 
your moſt humble and | 
moſt obedient ſervant, 
RX, Hex. EeLes. 
« Sent 
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Sent the foregoing letter, dated 20th of 
March, 1761, to the Reverend Thomas Ps 
Secretary to the Raya ml TINT 


L E T T FAA. VILL 
Li iſmore, 14th October, I 760. 


Gen TLEMEN, 


| H NG lately received the 1 of 


Fhiloſ. Tranſactions for the year 1757, 
ſurpriſed at meeting with two letters 
ligned Eraſmus Darwin, Phyſician at Litch- 
Held, Staffordfhire, 2 x page 240, 
which that gentleman is pſdghd/t 241 con- PC 444 4 
futation of what I wrote to you on nal cauſe 
of the aſcent of vapour and exhalation. In- 
deed with the, liberties which he has taken, , 
he may confute or rather confound any author 
that ever wrote. But I believe this as 
man is but a. young philoſopher, for 
pears more ſtudious to make a rhetorical 7 
riſh, than to explain the matter which he 
writes about. I ſhall beg leave to tranſcribe 
his firſt paragraph, becauſe I think it ſounds 
mu tho not much to the purpoſe. 
There is ever ſuch a charm attendant up- k 
* on- novelty, that be it in philofophy, medi- 
cine, or religion, the gazing world are too 
© often led to adore, what they ought only 
to admire: whilſt this 5 of enthu- 
ſiaſm has generally ſoon rendered that object 
0 F that would "otherwiſe 1 
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6 * long laid claim to a more ſober eſteem. This 
vas once the fate of chymiſtry; the vam 
and pompous boaſts of her adepts' brought 
* the whole art into diſreſpet; and I ſhould 
be ſorry, if her ſiſter electricity ſhould ſMare 
the ſame misfortune. It is hence the inge- 
* mous Mr. Ee/es will excuſe me, for endea- 
* youring to lay before you my opinion on the 
* aſcent of vapours, tho' it by no means coin- 
© cides with that WE is ſo ſtrenuous to eſtabliſh, 
and plucks a plume from his idol 8 
electricity. 

Here 1 think this wendldmiih wiede ha ve 
diſtinguithed better between art and nature; 
it is true that an art may ſuffer by the impru- 
dence of its profeſſors; but dame nature will 
go on with her work, whether we talk wiſely 
or otherwiſe about her; and therefore he may 
lay aſide his concern. He has indeed told me 


two things which I did not know before, that 


electricity was a feathered goddeſs and an idol 
of mine; ſince he will have it ſo, he may 
have a plume for his Pun when he can pep 
It. 
Ne begins by welding you that I have ſaid; 
hs ow. article of vapour is endued with 

portion of eleAric fire; and that there is 
80 Pocher ſufficient cauſe aſſigned for their aſ- 
cending. It is true that I then thought ſo, 
and till d do think ſo, and had I known of any 
ſufficient cauſe aſſigned, I muſt have been a 
moſt ignorant, impudent blockhead, to thinx 
of palming any other on the Royal Society. 
He then goes on thus. 

- My 


/ 
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My deſign is therefore firſt to attempt to 
| © ſhew, that another theory, founded on prin- 
* ciples better known, will ſufficiently explain 
* the aſcent of vapours * and then, that ſome- 
kinds of vapours are not endued with a more 
or leſs than their natural ſhare of electric 


« 


ether e ee 
The latter part of this deſign I ſhall readi- 
ly grant him is true, but for ſome reaſons 
which this gentleman ſeems a ſtranger to; 
that is, that all bodies have a quantity of elec- 
tricity nearly in proportion to their ſpecifio 
gravities; and that bodies do not become 
electrified by having a greater or leſs portion 
of electricity in general; but by an enereaſe 
of the one, and a proportional leſſening "of 
the other power of electricity; for when the 
attraction of the leſſened power is diminiſhed” 
in proportion to the quantity of: the power; 
the encreaſed power expands itfelf into an ex- 
. tenſive atmoſphere ; which is 3 | 
electricity. So that thoſe who talk of an ac- 
cumulation of electricity, do not underſtand 
the action of theſe powers. This matter I 
have explained in a letter to Doctor Birch, of 
the 14th of February, 1758, and there given 
the general laws by which theſe powers act 
on each other, and on the other parts of mat 
ter. oi 11.07% t een i ERR 
As to this gentleman's new theory founded 
on well known principles; I do think that it 
was well known that fire made the pot boil, 
and that the ſteams aroſe; but when he comes 
F f E 4 „ to 6 
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to ſhew us how, it is by the immeaſurable ex- 
"water in ſteam which renders it 
ſpecifically lighter than air; but I believe that 
he is the firſt philoſopher who ever did, and 
perhaps the laſt that cver will take ſteam, 
vapour, or cloud to be one continued expand- 
ed maſs of water; for he himſelf in the next 
page {peaks of the ſpherules and globules of 
vapour. In my letter concerning the cauſe 
of the aſcent of vapour, &c. I have demon- 
ſtrated that the ſpecific gravity or expanſion” 
of a body is not altered by dividing that body 
into minute parts; therefore, until he has 
ſhewn that every particie of vapour 1s a thou- 
ſand times more expanded than it was while 
a conſtituent part of the watry maſs; it is 
impoſſible for him to ſhew that it is ſuffici- 
ently ſpecifically lighter than air, ſo as to aſ- 
cend in it by the laws of ſpecific gravity. 
And here I may reſt this matter; but as there 

is ſomething extraordinary in this gentleman's 
manner of reaſoning, I beg leave to make a 

few obſervations. 

Firſt, he does not make any diſtinction be- 
' tween the expanſion of the parts of bodies, 
or their being ſet at a diſtance from each other 
by ſome repulſive power; ſo that the immea- 
ſurable expanſion and condenſation of vapour, 
which has puzzled him, may not be in the wa- 
tery particles, but in that ſubtile power which 
them aſunder. And that it is fo, I 
think I can eaſily prove from the nature and 
actions of the electric powers; which . 


E 
will fully anſwer almoſt all the purpoſes (ex- 
cept that of gravity) for which the great Sir 
Haac Newton fought for ſuch ſubtile powers 
of attraction and repulſion. And here I muſt 

leave to tranſcribe a few'lines from that 
great author, where he ſuppoſes the neceſſa- 
ry exiſtence of ſuch ROY No e of r re- 
pulſion. 

And that there is loch a virtue, Corpt'2 26" 
follow from the reflections and inflections of 
< the rays of light. For the rays are repelled 
< by bodies in both thoſe caſes, without the 

immediate contact of the reflecting or in- 
« fleting body. It ſeems alſo to follow from 
2 the emiſſion of light; the ray, ſo ſoon as it 

is ſhaken off from a ſhining by the vi- 
hy * brating motion of the parts of the body, and 

gets beyond the reach of attraction, being 
dri ven away wit h exceeding great velocity. 
For that force which is ſufficient to turn 
it back in reflection, may be ſufficient” to 
= emit it. It ſeems alſo to follow from the 
production of air and vapour. The parti- 

« cles when they are ſhaken off from — 
« by heat or fermentation, fo ſoon as they 

* are beyond the reach of the attraction of 
< the body, receding from it, and alſo from 
* one another with great ſtrength; and keep- 
ing at a diſtance, ſo as ſometimes to take 
* up above a million of times more ſpaee than 
they did before in the form of a denſe body; 
* which vaſt contraction and expanſien ſeems 
0 e by feigning ww 1 of 
| &\ $594 


| 
| 
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** air to be ſpringy and ramous, or rolled up 
* like hoops, or by any other means than a 
repulſive power. The particles of fluids 
**which do not cohere too ſtrongly, and are 
* of ſuch a ſmallneſs as renders them moſt 
© ſuſceptible of thoſe agitations which keep 
* liquors in a fluor, are moſt eaſily ſeparated 
* and rarified into vapour, and in the-lan- 
** guage of the chymiſts, they are volatile, ra- 
* ritying with an eaſy heat, and condenſing 
with cold.” Newtor's 31ſt Query. 

Now it is evident that this great man never 
imagined that this vaſt expanſion and contrac- 


tion of vapour was in the particles of vapour, 


but in that power which ſet them at a diſ- 
tance from each other. If the particles are 
not expanded, how do they become ſpecifi- 
cally lighter than air? If Mr. Darwin takes 
in the repulſive power to make out the ex- 
panſion, he then proves my ſyſtem; if not, 
he has proved nothing toward the cauſe of the 
eee, 
And here, gentlemen, be pleaſed to obſerve 
the great conformity that there is between 
what this great man has ſaid about the pro- 
duction of vapour, and what I have ſaid on 
the ſame ſubjeR, in my letter concerning the 
aſcent of vapour; tho' he only reaſoned from 
the effects to a ſuppoſed cauſe, and I reaſoned 
from a known cauſe to the effects, without 
having his doctrine in view; nor do ] recollect 
that I ever read his queries till long after my 


writing that letter; when they were occaſi- 


onally put into my hands by an ingenious 
3 gentleman, 


i EL 
gentleman,” who had read Sir Jaac's works 
many years later than Ichad done. As I had 
tried many experiments on the human body, 
in ſucceſsfully curing paralitic, rheumatic; | 
aut 3 diſorders, merely by the electric 
and obſerving their wonderful ef- 
ects ole ner ves in reſtoring them to a due 
modification, ſo as to enable them to perform 
their proper functions, I was led to think that 
our ſenſes may be performed by theſe powers; 
particularly, ſeeing and hearing. On my tel 
ling this gentleman my opinion, he deſired 
me to take care not to give that as my own, 
which was ſaid by another; and then brought 
Sir Jaac's Queries, wherein, eſpecially at the 
23d query, I found, very nearly, what I had 
ſaid to this dane. But to return to = 
ſubjedt. 94. v7 * 
I need not Sanaa to for ee au- 
thority, as Sir J/aac Newron's, for the forma- 
tion of vapour; ſince it is evident: toi the 
ſenſes of every man, who will enquire pro- 
perly, that vapour is emitted in exceeding 
minute, diſtinct particles, and that it does 
aſcend in that form; and that above there: is 
4 colliſion of theſe particles to form larger 
der forth ſuch: as compoſe miſts. and that 
farther coaleſce till they come down in 
iſts, rain, ſnow, hail, and ſuch heavy drops 


_ Far form thunder-ſbowers. When 1 ſonnd 


that all aſcending vapour was really alectri- 
fied, I thought: that the . 
power was ſufficient to carry up th | 
Rena; * down * "ied 

Ie 
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phere raiſed from the ſame power of electri- 


1122 


the moſt probable means I could then thinkab 
However, there was one thing which I could 
not poſfibly explain; that 1s, how the whole 
quantity of electricity, which aſcended, was 
ever to return to the earth again. And 
this enquiry. vented my ſending you that 
letter; for at leaſt a year; till at falt tired 


with the — and finding the reſt of my 


very conformable to the phænomena 
of nature, I let it go with that — de- 
fect. And in this puzzle I might have gone 


on to the end of time, if I had not ns 


ed, upon a fart her reſearch into the nature 
and — of electricity, that eledricity 
conſiſted of two different, diſtinct, elaſtic 
powers, which always ftrongly attract and 
condenſe: each other; and, therefore, when 
they are equal in quantity to each other, 
they condenſe each other into:fo ſmall a com- 
paſs, that they exert but little ſenſible action; 
but when the equality of quantity is altered 
by a diminution of the one power, and an 
increaſe of the other power, then the increaſed 
power has a power of expanding itſelf in pro- 
portion to <ubtracion. of he other-at- 
tracting power, by which means it forms it- 
ſelf into what we call an electric atmoſphere; 
which ere will repel any other atmoſ- 


city, but will attract any atmoſphere raiſed 
from the other power of electricity. Theſe 
atmoſpheres are always formed with an incre- 
ment of rarity as they recede from the leſſen- 
ed attraQive, power, which leſſened power 


always 
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always acts inward to the body which is elec- 
trified. Theſe powers T have before called 
the vitreous and the reſinous, only for diſtino- 
tion, as the glaſs generally - throws out-the 
firſt, and wax the ſecond; not but that I can 
raiſe either of the powers from the glaſs, or 
from the wax; nor do'Þ know of any differ- 
ent eſſential charaQerifiic to diſtinguiſh them 
by. Theſe powers are equally and ſtrongly 
_ attracted by all matter; and are always found 
adheſive to all matter, nearly in proportion 
to the ſpecific gravity of the matter, as far as 
I have been ables to judge. Nor is it eaſy to 
ſubtract any part ob either of theſe powers 
from any part of matter, without adding an 
equal portion of the other power; which ad- 
dition it will retain, until it is ſupplied with 
an equal quantity of the power firſt ſuberact. 
ed. So that when any body is electrified with 
the vitreous power, and you take a ſpark 
from it with your finger, there is juſt as much 
of the reſinous power paſſes from your finger 
into the body, as there is of the vitreous paſ- 
fing from the body into your finger. 

Now, the general law by which theſe 
7 rs act on each other is this; that a 
vitreous atmoſphere repels another vitreous 
atmoſphere, with a force exactly equal to 
that with which it attracts a reſinous at- 
moſphere of equal denſity; with the repelled 
"vitreous atmoſphere: ba ſo, Gps wh, ud of 
the refinous' atmoſphere 

And, the abr and bepel g 
pbere {of NED acts with a 
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portional to, and encreafing. with, its own 
- denſity > That is, the farther” a body i is im- 
— into an electrio atmoſphere, the 
greater force it is attracted with; as all 
elearic atmoſpheres have an increment of 
rarity dtivin from the electriſied body. 
But, for a farther explanation of theſe laws, 
and experiments to prove them, I mult beg 
leave to refer to my letter to Doctor Bircb, 
.of the 14th of February, 1758. 
From a great number of experiments 
which 1 have made, I--find that the clouds 
are eleArificd, ſometimes with the one pow- 
er, and ſometimes with the other power of 
— an M - and that the change is oſten 
very ſudden; for one cloud ſhall paſs ſtrong- 
C ly eleQrified with the vitreous power, and 
another ſhall approach, in three or four mi- 
| nutes, as ſtrongly were: with the re- 
| ſinous power.. 
But I never had an x opportunity of obſerv- 
| ing that this change happens ſo often as Mr. 
Canton ſays it does, ſometimes five or ſix 
times in "half an hour. And I hope this 
ingenious gentleman will excuſe my telling 
where his miſtake my ariſe from his man- 
ner of trying this experiment. His method 
is with two very ſmall cork-balls, . ſuſpended 
from the end of a wire by linen threads; 
and then, (when they are electrified). by | 
bringing rubbed ſealing- wax, or glaſs under 
them, he thinks they are electrified poſitive- 
ly, or negatively, according to the attraction, 
or repulſion of the wax or gals; 1 in this, 


ene * 
*. . 
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he is much miſtaken, by following the doc- 
trine of poſitive, and negative electricity, &. 
and for want of knowing the real action of 
the different powers of electricity upon each 
other. For, let him fix his wire to a large 
body, ſuſpended by ſilk, and let that body be 
electrified by wax till the balls repel each 
other; then let him bring wax, well rubbed, 
under the balls, and they ſhall be attracted 
to the wax, inſtead of being repelled; or, if 
the wax is very lightly rubbed, the balls 
ſhall be repelled from it. The reaſon: of 
their being attracted is, that the wax being 
more electrified than the body, the reſinous 
power of the wax repels the reſinous power 
of the balls up the linen thread, and attracts 
the vitreous power of the body into the balls, 
which are then electrified by the vitreous 
power, and, conſequently, attracted by the 
wax. In the ſecond caſe, where the wax is 
but little electrified, it repels the balls, 
without forcing. their reſinous power up the 
threads. But, the way to try this experi- 
ment with more certainty, would be to ſuſ- 
nd a piece of bog-down by ſilk, a foot 
ong, from the end of a ſtick; and then, 
touching the down with the end of a long 
wire, the down will be electriſied; and then 
you may know by which power; by the rub- 
bed wax, or glaſs; as the powers cannot 
change place ſo eaſily through the ſilk, as 
they do through the threads. There is ano- 
ther great miſtake to be corrected; for, he 
ſeems to think that the balls are electrified 
a re with 
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with the ſame power with which the clouds 
are electrified; but the balls are always 
electriſied with the contrary power, which 
is drawn up from the earth through him by 
the oppoſite power of the clouds. And this 
may be eaſily tried, by placing a long iron 
rod, with needles at top, in a bottle to be 
charged by the clouds; and he will conſtant- 
ly find the inſide or top of the bottle, fo 
charged, eledtrified with the power contrary 
to that with which the balls, or down, is 
elearified. But the needles at the top of 
the rod will be electrified by the ſame power 
which electrifies the down and balls; becauſe 
that power is there drawing off from the in- 
fide of the bottle, in exchange for the con- 
trary power, which comes into the bottle, 
while the bottle is charging. I may here ap- 
pear prolix ; but much more is neceſſary to 
explain this matter fully; which, for the 
preſent, I ſhall poſtpone, It would be a 
great matter, if we could diſcover how theſe 
clouds come to be electrified with the differ- 
ent powers; which certainly muſt happen in 
their firſt emiſſion from the maſſes of which 
they are compoſed. The purſuit of this en- 
quiry I would earneſtly recommend. 

Since it is now evident that the clouds are 
often electrified with the different powers of 
electricity, and that ſuch clouds are often in 
near approach to each other; and ſince I have 
diſcovered that electricity conſiſts of two dif- 
ferent diſtinct powers, it is eaſy from the laws 
which I have given, for the action of theſe 
ow; powers 
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owers on each other, fully to explain the 
cauſe of thunder; and to ſhew; how. the par- 
ticles of vapour con to Stn Rill larger 
particles, till they come down in miſts, rain, 
ſnow, hail, and heavy ſhowers; and bring 
down their whole quantity of electricity with 
them, which before buoyed them up. But 
before l proceed, I beg leave to mention: one 
experiment which I made, to ſhew the, | 
zing expanſion of thoſe powers, and through 
what an incredible ſpace. they will, diffuſe 
themſelves by their own elaſtic, power, .when 
the attraction of the other power is taken off 
by leſſening that power as far as we, dn 
the electrical apparatus, which is 1 fr 

an entire ſeparation of theſe powers; . 
aſtoniſhing retraction and condenſation of 
that An e when the powers are again 
rendered equal in quantity to each other. 1 
ſuſpended a tube of ſheet.; lead, ſeyen feet 
long, and near three inches diameter, in ſilk 
lines; I then placed a piece of bog- down on 
the end of a wire, on a horizontal level 
with the tube, and pointing towards it; 1 
charged a phial coated with lead, and twelve 
cubic inches of water in the phial. Upon my 
holding the phial in my hand, and giving 
ſpark to the tube, I found that the . 
phere of the tube moved ſome of the 9 — 
of the down. by attraction, at the diſtancę o 
more than ſeven feet; an aſſiſtant then took 
off the atmoſphere of the tube, by touching 
it with his hand. And thus, I went on for 
ware than an hundred ſparks, WINK the.down 

M "was 
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was moved at the diſtance of eighteen inches. 
So that, meafuring theſe atmoſpheres in a de- 
creaſing ſeries from above fourteen feet to 
three feet diameter, F found they contained 
twenty millions of times the ſpace which the 
water in the phial took up. Yet all this elec- 
tricity (according to the doctrine of poſitive 
and * electricity) was lodged in the 
pores of the water, without the leaſt ſenſible 
encreafe of the water. But here I muſt not 
let a known error go, for the greateſt part of 
theſe atmoſpheres never was in the phial; but 
each ſpark from the bottle added fomething 
to one power in the tube, and at the ſame 
time took an equal quantity, from the other 
power in the tube, into the phial; and then 
the encreaſed power of the tube expanded it- 
felf into an atmoſphere, together with the ad- 
ditional quantity which it received from the 
phial. For had the tube been much leſs, the 
atmoſpheres would not have been ſo exten- 
five; however,” the expanſion of that which 
was really in the bottle is amazing. For Sir 
THaac'Newtorr has ſhewn that light 8 
to a body within the 1-89000 part of an i 


inch 
before it is refleted; and as Þ have endea- 
voured, in my letter to yon of the 26th of 
February, 1760, to ſhew that the electric 

ers are the cauſe of reflection and refrac- 
tion, it is highly probable that the two dif- 
ferent ers are condenſed within that diſ- 
tance from the ſurface of the bottle (and I 
mention this experiment — in regard to 
the reflection and refracting of light.) 2 
a fm 
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a ſmall portion of one of theſe powers can 


diffuſe itſelf through a ſpace ſome millions of 
times larger than what the whole bottle takes 
up, what amazing difference muſt there be 
between its greateſt expanſion and condenſa- 
tion; and yet the moſt extended electric at- 
moſphere is retracted and condenſed in an 
inſtant. The reaſon why the water in the 
bottle is never increaſed or decreaſed in charg- 
ing or diſcharging the bottle, is becauſe there 
is always the ſame quantity of ele: icity in 
the water; for as one power goes out, an 
equal quantity of the other comes in 
It was known to Mr. Franklin and others, 
that there was no more electricity in the bot- 
tle when charged, than there was when dif- 


charged; but till Thad diſcovered the action 


of the different powers of electricity, it was 
impoſſible to explain this matter by one ſin- 


gle power of electricity, or to explain ally G 
P henomenon arifing from electrical expe- 


riments. I have ſhewn, in my letter of 
the 14th of February, 1758, that there is 
ſomething more of the electric powers in a 
bottle highly charged, than when diſcharged; 
which appears from the bottle's recharging o 

itſelf, after it has been. ſeemingly entirely 
or. OTTER ORR ST 
I come now to ſhew how that electricity 
which buoyed up the vapours may be again 


. * + L 


| condenſed, ſo as to let the vapouts fall in 


miſts, rain, &c. and to return with them to 
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Suſpend, by filk, two large metal tubes, or 


bodies of any kind, which will conduct elec- 
tricity (or two pieces of bog-down, in which 
the attraction, expanſion, and condenfation 


of the electric powers wil be. more plainly, 
ſeen) and electrify them ever ſo highly, but 
equally,. with the different powers of electri- 
city; that is, one with a glaſs globe, and the 
other with a globe, of ſealing-wax ; when 
theſe bodies approach they will flaſh into 
each other, and upon contact their extenſive 
atmoſpheres will be condenſed into an inſen- 
ſible one; the different powers of electricity 
being then rendered equal in quantity in each 
body, and, conſequently, condenſing each 
other into almoſt an inſenſible compaſs. But 


if one body was more eleQrified than the 


other, then, after contact, they will both 


remain electrified with the exceſs of that 


power which was moſt in the body that was 
moſt electrified. When two clouds, which 


are highly electrified with the different pow- 


ers, approach each other, the ſame thing will 
happen; for as ſoon as the extreme parts of 


their atmoſpheres begin to meet, they will 


attract each other with an encreaſing force 
as they approach, till they flaſh in exchanging, 
their different powers. But as clouds are 
formed of diſtinct particles, and every parti- 
cle has its ſhare of both the electric n 
and according to the equality or inequality of 
quantity of each power in each particle, the 
particle is more or leſs electrified; various and 
numerous muſt the ways be, in which clouds 
| approach 


< 
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approach each other, and in which they ex- : 
change their different powers. | 

The caſe above- mentioned of thundes ; 
clouds, happens when the electrified particles 
of the cloud are brought to approach each 


other ſo near, that their atmoſpheres are 


preſſed off together to a great diſtance from 
the eloud, and act nearly in the ſame manner 


as if the cloud was one continued body; but 


after the flaſh thoſe particles, which have 
fully changed powers, ſo as to have the elec- 
tric powers equal in each part icle, muſt have 
their atmoſpheres condenſed, and conſequent- 
ly the electric powers are of no farther uſe to 
buoy them up, afſd therefore they come down 
as we ſee them do That · theſe atmoſpheres 
are extended to à great diſtance from the 
cloud, appears from all the foreign and do- 
meſtic experiments, but more particularly 
from thoſe which I have made; for in _ 
it is plain, that an atmoſphere is drawn 
from the earth, of the power which is con- 
any to that of the cloud; which would not 
be if the atmoſphere of the cloud did not 
— the earth. When one of theſe highly 
electrified clouds approaches ſo near the eartl 
as to exchange powers with the earth, then 
is the damage done to thoſe things through 
which the exchange is made; which muſt 
be thoſe bodies that riſe neareſt" the cloud. 
And here I may quote ſome of the foreign 
experimęnts and obſervations (which the ex- 
periments could not explain) which will ſhew | 
m=_ ny Cn 7p” of the clouds are oon 
2010.5 DME gut 0111219 denied 


[ 132 | 
denſed at the time of their joining with the 
flaſh; and that the atmoſphere, drawn up 
from the earth, is alſo then retracted again 
to the earth. 

In the 47th vol. of Philoſ. Tranſ. page 550 
and 551, Mr. Ludolf's 4th obſeryation: At 
every clap of thunder the electricity ſeemed 
extinct, and returned not till after thirty ſe- 
conds, or thereabout, and ſometimes longer. 
Sixth Obſervation : They put a thread upon 
the wire, the two ends of which hung down ; 
which ſhewed electricity, by mutually repel- 
ing each other; for at every flaſh of lighten- 
ling, they approached each jother —— as 
if they had been puſhed one againſt the other 
by force. Same vol. page 557, Abbe Nollet's 
letter: And it even ſeemed, that-the clap of 
thunder put a ſtop, tor a very ſhort time, to 
the force of the ele&ricity. Page 559, Mr. 
Mylius of Berlin: It was alſo continually ob- 
ſerved, the effects were greateſt. when the 
lightning was neareſt; and that, for ſome 
moments after the lightning, the effect ceal- 
ed, but returned and encreaſed by degrees. 

All theſe obſervations, and many more, [I 
have made; but to give them more weight, 
I have troubled. you with theſe quotations. 
But this matter is eaſily demonſtrated by the 
electrical apparatus. Let two cork balls be 
ſuſpended by linen threads from the end of a 
wire, and brought within the atmoſphere of 
an electrified conductor, they will be electri- 
ſied with the power, which is contrary to that 
- Which electrifies the conductor, and wh 


[1133 ] 
each other, but will be attracted towards the 
conductor; but when a flaſh is taken from 

the conductor, the balls inſtantly fall toge- 
ther; that electricity, which is drawn into 
them from your body, by the atmoſphere of 
the conductor, being again retracted into your 
It often happens that clouds are highly elec- 
trified and attract each other, and that their 
particles attract each other into contact, and 


exchange powers, without that violent flaſh 


cCondenſed, and 


which conſtitutes thunder; and that the at- 
moſpheres of the particles are by that means 

| loſe their repulſive power, 
and run into farther contact with each other 
by the general attraction of gravity, and by 
accidentally impinging upon each other in 
their fall, and thus come down in heavy 
thowers. Now when two clouds thus attract 
each other into one, the particles muſt attract 
each other into contact, and exchange powers 
moſt in the middle of that cloud, and have 
their atmoſpheres condenſed, and conſequent- | 
ly come down in the heavieſt drops; and; ac- 
cordingly, the heavieſt part of the ſhower is 
always from the middle of the cloud. To 
prove this doctrine, I could produce a great 
number of experiments, which I have made 
on the clouds; but ſhall only mention the 
laſt, which was on the 29th of October, 1760, 
when the clouds were very diſtin, and the 
ſhowers heavy. In three different clouds, I 
found the beginning of each cloud eleQrified 
with 'the'vitreous power; in the middle of 
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each ſhower'no ſign of electricity; and, in 
| the end of each cloud, I found the reſinous 
= power of electricity. Wind, N. W. The 
| Teaſon why there was not any appearance of 
electricity in the middle of the thowers, was 
| becauſe the electric powers were equal to each 
| other in every drop, and therefore their at- 
moſpheres were condenſed into inſenſible 
n 
It often happens that rain, hail, and ſnow 
do exhibit ſigns of being electrified; becauſe 
the clouds are ſeldom ſo equally electrified 
with the different powers of electricity, as, 
upon meeting, to render the powers of elec- 
tricity equal in each deſcending drop. And 
this is moſt evident in large flakes of ſnow ; 
for when they come very near a non- electric 
body, they are drawn to it, and cling. into 
it, in the ſame manner chat an clectrified 
feather does. | 
Nor, gentlemen, 1 believe I need not 
rr yqu with a prolix detail, to ſhew how 
clouds differently electrified with the differ- 
ent powers may approach each other; or how 
the particular particles may attract and run 
into each other, and have their atmoſpheres 
condenſed according to the different degrees 
in which they were electriſied by the differ- 
ent powers; ſince the general laws, which 1 
have given for the action of the electric pow- 
ers, will explain all the phenomena ariſing 
from electrical experiments, which I know 4. 
at leaſt I never found them deficient in any 
544 arc which 1 could think of making; 
f. | a B+ e 
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whether-I reaſoned from the laws to the ef- 
fects, or from the effects to the laws. And, 
therefore, I think I may claim the honour of 
having diſcovered this new doctrine of elec- 
tricity, without the knowledge of which, I 
think it is impoſſible fully to explain any one 
phænomenon ariſing from electrical experi- 
ments. But if any ingenuous gentleman can 
ſhew me where thoſe laws or properties of 
electricity are wrong, I ſhall be really obliged 
to him; for I am much more deſirous to diſ- 
cover truth, than to appear as an author. 

And now, gentlemen, I hope that you will 
excuſe my pointing out ſome of the abſurdi- 
ties of Mr. Darwin's theory, which contradict 
the reaſon and experience of all mankind. 
He firſt ſuppoſes that water is ſo far expand- 
ed by heat as to riſe in the atmoſphere b 
the bo of ſpecific. gravity ; and then that it 
is better ſupported. in a rarer and colder part 
of the atmoſphere above, than in a warmer 
and denſer part. of the atmoſphere below; 
he ſays, becauſe the preſſure of the atmoſ- 
phere is leſs above, and for that reaſon the 
water can better expand itſelf, If vapour 
ariſes by the laws of ſpecific gravity, it muſt 
aſcend quickeſt where the preſſure of the at- 
moſphere is greateſt, the expanſion of the va- 
pour remaining the ſame. And it is impoſſi- 
ble to ſuppoſe that the expanſion of vapour is 

encreaſed by heat above, where vapourꝭ are 
ever found colder than the circumambient 
air, and the circumambient air there, always 
colder than that below, This is à fact well 


known 
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known to every man, that had his feeling, 
who ever paſſed over high mountains. He 
ſays that he is perſuaded, that was it not for 
the preſſure of the ſuperincumbent- atmoſ- 
phere, greatly leſs than that of boiling water 
would inftantly diſperſe the whole ſo heated 
into vapour. But would this gentleman have 
us ſuppoſe that this vapour is to ariſe by the 
laws of ſpecific gravity, where there is not 
any medium ſpecifically heavier for it to riſe 
in? When the impulſive or repulſive force 
ceaſes, which diſperſed it, muſt not this va- 
pour return inſtantly to the earth by the ge- 
neral laws of gravity? Does this any way 
point out the cauſe of the aſcent of vapour, 
or ſhew us how the elouds float by the laws 
of ſpecific gravity, which they evidently do? 
Indeed he has found ont one extraordinary 
way of ſupporting them, which is by the mo- 
tion they acquire from the winds, This might 
do, if the wind blew from the Nadir to the 
Zenith ; but as it generally blows on a hori- 
zontal level, I think it may as well blow 
them down as up. He then quotes the opi- 
nion of Sir Iſaac Newton, to ſhew that bodies 
are only heated by reflection and refraction 
of the fun beams. How he came to imagine 
that this was Sir Tſaac's opinion, I can't con- 
jecture; for Sir T/aac's eighth propoſition, of 
his ſecond book of Opticks, ſtands thus: 
The cauſe of reflection is not the imping- 
ing of light on the ſolid or imperyious parts 
of bodies, as is commonly believed; and this 
Sir Jaac has fully proved, both as to reflec- 
: tion 
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tion and refraction, and all experience ſhews 
that black opake bodies, which produce but 
little 9 — or refraction, are exceedingly 
more heated by the ſun, than diaphonous bo- 
dies, where the reflection and refraction are 
exceedingly great. Place a convexo con vex- 
glaſs oppoſite the ſun, and at the ſame time 
a black body of the ſame magnitude, and you 
will find the one grow very hot, while the 
Other retains but very Tile beat. $7 
This gentleman's chief 3 is, that 

On ſun heats yapour, but does not heat the 

But, leſt you may think I miſtake . 
leaks to hear his own words. 

„The ingenious Mr. Eeles, I dare ſay, has 
already foreſeen the uſe I am going to make 
_ * of this principle; viz. That the little ſphe- 

* rules of vapour will thus, by refracting 
* the ſolar rays, acquire a conſtant heat, tho' 
* the ſurrounding atmoſphere remain cold.” 

1 think that this gentleman ſhould have 

roduced ſome better proof of this matter, be- 

ore he endeavoured to make us diſcredit. our 
ſenſes. Does not every man know the air is 
warmer at one time than at another, and that 
it is ſometimes very warm? If the fun does 
not warm the air, 1 defire to know what does 
warm it? As to his aſſertion, that clouds are 
warmer than the circumambient air, I declare 
that it is entirely falſe; and I appeal to I 

rience of every man, who ever pred 

through them on the ſides or tops of high 
mountains, whether he has not e 
ſaund them to be N chilling fogs, much 


colder 
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colder than the circumambient air; and ſome- 
times the particles ſo large as to 'wet a man 
conſiderably ; tho' in paſſing from one moun- 
B tain to another they do not let any of their 

| wet fall into the valley between. All this I 

| have experienced a thouſand times; there- . 
| fore Mr. Darwin muſt excuſe me for chuſing 
to be guided by the evidence of my own ſen- 
ſes, rather than by his aſſertion. 

But if I muſt produce an authority for hat 
is well known to ſo many thouſands, pleaſe 
ſee Dr. Peyſoneld's account of the. Brimftone- 
pill , 49th vol. Phil. Tranſ. page 571 : Be- 
« ſides the fine proſpect you enjoy at the top 
|  __*©of this mountain, you have the pleaſure, as 
father Dr: Tertre obſerves, of ſeeing the 
3 clouds gather below, and Wan the thun- 
= - der rumble under your feet. We actually 
* ſaw the clouds rife from the ſea, and ſpread 


= * over the land on the ſide of the wind, and 
* ſometimes paſſing where we ſtood, and ſome- 
j * times lower. Theſe clouds are no other 
= than damp fogs. The Brimftone-hill is ſel- 
| dom clear of theſe damp fogs.” And in the 
| hogan paragraph he tells you how the na- 
ed negroes often have their blood chilled by 
theſe damp fogs, ſo as to periſh by it. 
Mr. Darwin ſays, from conſidering this pow- 
| er of expanſion, which the conſtituent parts 
of fome bodies acquire by heat; and withal, 
i that ſome bodies have a greater affinity to 
heat; that is, acquire it ſooner, and porn ig it 
| longer, than others; that many thin . 
| fore utterly inexplicable, became 3 un- 
| . 


* 
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derſtood by him ; particularly how that pon- 
derous body, mercury, may be raiſed into va- 
pour. But, unluckily, he has not told us 
how theſe matters became eaſily e e 


by him, or how they may be eaſl A under- 
he 


ſtood by us. I muſt fel that if he could 
explain how the particles of mercury N 
float upon the air, that then he may eaſily 
explain how the particles of water may Hoat 
TRE! but tilt he has done one or the other, I 
ſhall leave his theory to be farther confider- 
ed by thoſe who think it Worth he While, 


Ihe deſi ien of this gentleman's fecond let- 


ter! is, according to his own words, entirely 
to deſtroy the probability of 1 my "notions, and 
to 157 an additional ſupp rt to his own theo- 
And then he, fays, For this purpoſe, 
0 our firſt endeavour Will Pert to Kew the un- 
te. . of ſome of the moſt material'prin- 
ciples that e his are ments; and af- 
6 terwards the W . tl 6 experiryents he 
E has given us. _ a er aogay h 
| 7 « Firſt, then, {os Page 1 1 30 „Me. 2 has 
© afferted, that the great ODE e 
« tion of water is when it boils 
| This he has taken from a att obſerva- 
tion of mine, whic ch flands in theſe words, 
and which I think may ſtill keep t theit place. 
by And here 1 muſt. obſerve, that, 1 has not 
« yet been explained how Water can be Ails- 
« * ted, ſo as to. oceupy eight hundred, or a 
| « thouſand times the ſpace, which it naturally 
«does. For I think, the greateſt expanſion 
@ i "ſuffers by boiling (the greateſt” Heat WE 
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& "On give it) is not more than a nineteenth 

* or twentieth part of what it was before.” 

This gentleman accuſes me of a confuſion 
in terms, while himſelf has bred the confu- 
ſion; for he has changed my word, dilated, 
into the greateſt poſſible rarefaction: By di- 
latation, I meant that expanſion which bodies 
ſaffer, without any ſeeming diſcontinuity of 
their parts: Rarefaction, I know, is often 
applied to the dividing a body into innumer- 
able parts. He then goes on thus. 

* In page 133, the Ghere of electrical acti- 

vity is ſaid to be encreaſed by heat. If by 


electrical activity is here meant an encreaſe 


* of its repulſive power (the thing which 
« ſeems to e in Mr. Eeles's hypothe- 


© fits) I know no experiment to ſhew it.” 


I can eaſily grant that this gentleman. may 
be ignorant of experiments to pfove this and 
many other matters that are e to a 
moderate underſtanding of electricity; but if 
he wanted eyes, would he, for 755 Team, 

rſuade us that 2 was not any light? If 
it be required, I can produce experiments 
which fully prove that the electrical powers 
are expanded by heat: A clear knowledge 
of which is very neceſſary to a right under- 
ſtanding of the action of Pheſe powers in ma- 
ny of the operations of nature, and many of 
thoſe of art, where natural powers are made 
uſe of, In the next paragraph he endeayours 


to perſuade us, that. electricity does not act 


upon the air; tho”, three lines fore, he 
15 * he knows that the electric 5 


attra 
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attracted at very great diſtances in va- 
cuo. Tho' many experiments do prove that 
electricity does act upon the air, I ſhall refer 
him to Mr. Willium Watſon's experiments in 
vacuo, in the 47th vol. of Philoſ. Tranſ. page 
362, where he has taken a great deal of pains 
to ſhew that air does act upon electricity, in 
confining it to non- electric bodies. If this be 
true, I think we may boldly affirm that elec- 
tricity re- acts upon the air. And I have not 
any reaſon to doubt Mr. Watſon's doctrine (as 
far as it relates to the preſſure of the ait upon 
an electric atmoſphere) but that he now re- 
commends Mr. Darwin's doctrine, which is 
directly contrary ; which may be from ſome 
new diſcoveries which I am not acquainted 
with. 
Jo illuſtrate that air is not acted upon by 
electricity, Mr. Darwin produces an experi- 
ment with a long- necked bottle ſuſpended. by 
ſilk, with the neck downwards, immerged in 
oil of turpentine, ſupported by an electric; 
and the inſide of the bottle lined with gilt 
paper; and then warmed ſo, that, when cold, 
the oil was forced up half way the neck. 
Then with a bent wire he electriſied the in- 
ſide of the bottle; and finding that the oil 
was not forced out of the 526 he.concludes 
that the electric atmoſphere did not a upon 
the air. If this gentleman had conſidered the 
force neceſſary to move this column of oil, 
which force muſt be able to ſupport a column 
of the ſame height, and a baſe equal to the 


whole ſurface of the ing de of the bottle 5 and 
274 „ 
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that air is an elaſtic body, and that the elec- 
tric atmoſphere is exceedingly fo, perhaps his 
furprize may leſſen. And if he will pleaſe 
to add to this what I have ſaid in regard to 
charging the Leyden bottle, that as one power 
of electricity goes into the bottle, an equal 
quantity of the other power comes out; and 
to conſider how minute a part of that power, 
which predominates in the bottle, is expand- 
ed into an atmoſphere, he will ſcarcely think 


j the force of this atmoſphere equal to the force 
1 which I have ſaid was neceſſary to drive the 
oil out of the bottle. Add to all this, that 
this atmoſphere has a power of paſſing thro' 
| the glaſs; which he may eaſily try, by touch- 


ing the outſide of the bottle with a piece of 
bog-down ſuſpended by ſilk, and he will find 

the outſide of the bottle as much electrified 

as the inſide, and with the ſame power of 
electricity. I could now produce an experi- 

ment which would nearly aſcertain how much 

an electric atmoſphere preſſes upon the air in 

; ſuch a bottle; but that I fear I may tire your 
ent * 1 

In the next paragraph Mr. Darwin tells us, 

that he had formerly tried this experiment va- 

rious ways, in order to make the electric mat- 

ter anſwer the end of ſteam in the ſteam- en- 
gaine, and many other great mechanical pur- 
poſes. In this T think he has given us a full 
: proof of a ſtrong inventive faculty, anda clear 
unbiaſſed judgment (which, in the beginning 

of his letter, he ſays, are neceſſary for making 
experiments) for I dare fay that he did —_ 
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deal this deſign from any man liying; to ap- 
ply. a power, to great mechanical purpoſes, 
without knowing any thing of the force which 
hat. power acted with, or its manner of act- 
And yet I, can tell "Mr. Darwin, that 
the buſineſs of the ſteam;engine is moftly car- 
ried on by the cledric powers, hut ſhall not 
now ſtop to explain this matter. If Mr. 
Damwin . has a mind to enquire how. dog 
ſubtile, parts of matter act on each other, 
would deſire him to enquire how it comes 00 
paſs, that in a room filled with air, the of 
0 light can croſs each other in ſo many 
ons of an les, as is neceſſary to give. t e eye 
wer of. ſeeing any part of the room, 158 
1 ich a right line can be drawn, let the eye 
moved as often as you. pleaſe. from its fir 
tation; next, how; all the operations of elect} - 
HY. can be carried on in "he ſame, Foc 700 m; in; ah 
o, al bes: operations of ma znetiſh ; : OPErA- 
tions of cu RAI heat, a all the” ee "of 
e by. W hich TR ds? of the whom 
ected ; and yet theſe powers ive 5 
lde obſiryRion 4 to each other, W 1 
made evident to our ſenſe * hen "i 
. has. explained the things 5 
help me to explain, his experim 
** ar.win nO\y, progeeds to 
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without a perfect knowledge of the action of 


the different powers of electricity. Indeed 


he has thewn a thorough ignorance in making 


eleArical experiments, and ſubſtituted a mon- 


ſtrous falſity of his own. Pirſt, he 
that the Leyden bottle, a dried feather, a dried 
cork, © the bog-down, which T have men- 
tioned, are ually fit to try electrioal ex 
iments 21 Merch 4 rica feather 1225 
he bog-down are as different matters for this 
rpole, as glaſs and metal. He fays, that 
Hs Leyden Totfle may be touched thres 
or four times by a quick finger, before the 
Whole is diſcharged. While the bottle was 
fuſpe nded by filk, I have touched the top and 
tom alternate! with my finger, ſeventeen 
hundred times before it was di arged ; tho 


| there were > but twelve cubic inches of water 


in the bottle. A dried feather will not con- 


| duet electricity more than dried ed Ulk, or glaſs, 


and therefore, ke them, when e cleArified, 
may be touched in many parts, before all the 


er is 9 by which it was electri- 
1 cork acts ſomething in the 


fame mer, 5 55 the bog: down conducts 
"as Foe as metal, 3 ö 


b f its 13 elcrified diſap- 
piece of this down, ſuſpended 5 
aft the fide of a conductor, will play 
between the fing Fr and conductor, while the 
wheel i is 7 £ d quick, that the ſilk, a 
q — will appear ch 
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row ribbon ; and it is evident, that while it 
moves to the conductor, it is electrified with 
the. one power; and when it moves from the 
conductor, it is clectrified with the other 
power of electricity. Vet has Mr. Darmin 
the aſſurance to tell the Royal Society, that 
this down may be touched at intervals, for 
half a minute, by the finger, or any known 
conductor of electricity, before it would part 
with its electricity. This experiment is fo 
very eaſily made, that the Royal Society can- 
not long doubt which of us has told them an 
untruth. Mr. Darwin's: words ſtand thus: 
From whence 1 apprehend, that Mr. Eeler, 
Y *, having 544 the electriſied 2 of the 
juncus bombicinus in vapour, for perhaps 
„half a minute (for no 2 i, is e 
« and finding it ſtill retained its electribd at- 
traction, wus not aware that this fame had 
* © happened, if he had by intervals touched: . 
«i with his finger, or any other Known oon. 
*.ductor of electricit / [ 
In my letter, where I have . 
Mars my words ſtand thus: But to tx 
whether the ſteams, &c. were non electrics, 
4 « I only bedewed the wax and glaſs with my 
< breath, teams, &c. from my hand to the 
« ong of the war and glaſs ; and then touch-: 
ing the electrified down with the end of the 
nx ar glaſs, ̃ found that the electrinal int 
immediately ꝓaſſed from the dom into W906 ñ⁵ 
e 5 
ll upon the wax and glaſs”: - nam gi Dog 
Now whether this firange apps n 
Mar es: — pn | 6 her 
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did not do, what I expreſsly ſaid I did do) and 
that the effects of an experiment (which 1 
can't believe he ever made) would be contra- 
to what I have declared they were, and to 
what, I now aſſert, they always will be, is 
fufficient to ſhew the fallacy of my experi- 
ments, and to overturn all IJ have faid about 
the cauſe of the aſcent of vapour, &c. I muſt 
leave to the Royal Society to determine. 
Next, Mr. Baruin takes a great deal of 
n, to probe what every body knew, and 
what I never contradicted ; but, on the con- 
trary, poſitively aſſerted; viz. that light bo- 
dies electrified by glaſs were attracted by elec- 
3 wax, and ſo per contra: what I ſaid 
i: that occaſion was expreſsly a hint to en- 
whether electricity was not differently 
actuated by different qualities in the wax and 

glaſs ? which: I have ſince found to be true; 
and alſo, that electricity itſelf conſiſted of two 
diſtinct different qualities or powers; which 
I have proved by numberleſs experiments, 
without ever meeting any one experiment to 
contradict it. From which, and many obſer- 
vations thercon, I have been enabled to apply 
the electric powers to medicinal uſe, from a 

reaſoning a priori, hich I think nobody 


elſe has yet attempted. And I have per: 
P 


formed ſome cures, which the phyſicians 
thought very little leſs than miraculous ; . 
indeed I thought ſo too, the electrical power 


having performid more than I could poſſibly wg 


pect in many caſes. And to give you an idea 
of what they will do, when properly applied, 


| 1 — what was faid by a pa- 
| tient 


. » 
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tient of mine, who had been with me *for 
ſome time. - 260 „ oh 

Mr. Thomas Card, who, was: univerſally 
paralitic, except his head, and who was bred 
an apothecary and chymilt, has enquired of 
me, with ſurprize, in the following terms; 
viz. Dear Sir, how is it poſſible for you to tell 
me beforehand what you intend to do; and 
then, in a few minutes, to give my limbs a 
power of what motions you pleaſe; and that 
you can retract that power when you pleaſe, 
and give them a power of other motions as 
you think proper; that they ſeem now/engen 
obedient to my will, but to yours. 

I had draw up an account of ſome of theſe” 
cures to lay before the Royal Society, not ſo- 
much from a vanity to tell what I had done, 
as to caution, the unſkilful not to attempt to 
uſe the electrical powers in a medicinal W/ay 
for great miſchief may be done by them. 1 
tall here only mention that three things are 

eceſſary to any attempt of this kind; Which 
+& not meet in every man who has an elec- 
trical apparatus. A kill in medicine, a ſkill; 
in anatomy, and an accurate 1kill:in electri- 
city and the manner of conducting its powers. 

In the next paragraph Mr. Darwin quite 
triumphs over me. But what alone would 
entirely deſtroy this electric hypotheſis 18. 
« that, from the experiments of Mr. Franklin. 
40 and others, the c uds are ſometimes. fund * 
* to be eleQrified | ns, ſometimes minus, and 
« fmetimes no ligns, of electricity 
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Althe' 1 do not know that any body beſides 
Mr. Canton has taken notice that the clouds 
nate frequently electrificd by the different 
powers of electricity, which he calls poſitive 
and negative; yet | can caſily grant that they 
are io, becauſe I know it to be true from a 

t riumber of experiments which I have 
made. But, pray how does this entirely de- 
ſtroy my h ypotheſis? Does it not confirm tt 
as much as is poſſible, as I have ſhewn in the 
courle of this letter? His laſt affertion, that 
fometimes the clouds manifeſt no figns of ele 
tricity at all, may be true, as to any experi- 
ments which can be made by Mr. Pranklin, or 
by Mr. any body elſe, on a light cloud, at a 
thouſand or two thouſand yards diſtance ; and 
yet the particles of that cloud may be highly 
electriſied, though their atmoſpheres are not 
bd off to this diſtance. | 

Here Mr. Darwin has again been en 
and has proved the thing which he wanted to 
diſprove. 55 

And what is more, almoſt the only thing 
which was wanting to compleat my ſyſtem ; 
For had I known at the time of cli my 
lefter, that different clouds were frequently 
electrified with the different powers of elec- 
tricity; and had I known how thefe powers 
| _ on each other, it would have ſaved me 

at deal 'of thought and contrivance, to 
ſhew how theeleQrified vapour may again re- 
turn to the earth; as any body may fee, wha, 
does me the honour to " Ap 7 letter with 


attention; and would eaſily have proved how 
the 
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the whole quantity of electricity, Which 


aſcended, di again return to t ear; 


which, at that time, was impoſlible for me 
to prove, as I began late in enquiries. abaut 
electricity; for at the time of writing you 
an hypotheſis, to ſhew the cauſe of thunder, 
I had never read any writer upon electrieity; 
nor had I any other knowledge of it, than 
what was furniſhed by my own obſervations 
upon ſome experiments, which were exhibit- 
ed for two nights ſucceſſively ,as.a ſhew.in 
the year 1748; and in the year 1750, acci- 
dentally thinking that the cauſe, of thunder 
was not ſufficiently explained, I recolleed 
that the electric fire ſubſiſted in watet , and 
finding the ſeat of thunder was alſo in water, 
I began to think how the electric fire may be 
the cauſe of thunder; and from thence drew 
up that hypotheſis, which, tho' entir FAY 
own from that ſlight aſſiſtance, I may 
as full and clear (as far as electricity was — 
underſtood) as any thing that I have met 
with, which has been n upon that 
| occaſion. 

And as that diſcovery was as much my 
own invention, as if an analogy between 
thunder and electricity had Never been 

thought of by any body elſe ; fo. without 
any other aſſiſtance, than — own experi- 
ments and obſervations, I have purſued the 
explanation of the cauſe as near to a demon- 

ſtration, as the nature of the proofs will ad- 
mit. It is true that I have _ ſame tracts 
dpon clear * as they came lata to 
1 Oils N 4 my 


f 
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oy hands, I can't ſay that they gave me any 
ſtance in my enquiries; on the contrary, 
J muſt fay, that if I had reſted in any of the 
opinions which I met with, 1 muſt have ſtop- 
Park ſhort of the truth. 

The other part of Mr. Darwin's emen 
tioned paragraph ends ſo forcibly, and with 
ſo polite a innen to me, that J barigot 
forbear troubling you with it. 

- © Whence to fay an accumulation of eleAric 

* zther ſupports theſe clouds, ſeems an aſſer- 
tion built upon a very unſt table foundation, 
© whoſe whole ſuperſtructure may well enough 
be termed an air-built caſtle, the buſclcis 
fabric of a viſion.” 

I muſt confeſs, gentlemen, that I have built 
my clouds upon the air, and every body ſees 
that the foundation is ſufficient; but Mr. 
Darwin has vaſtly outdone ' me, for he has 
Þuilt without any foundation at all. Jam, 
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your moſt humble ang 


moſt obedient ſervant, 
| _ Hex. Bag 


I have inſenſibly been drawn into a pro- 
lixity by anſwering the abſurdity of Mr. 
Darwin's theory, and remarks upon what I 
had wrote; for which J am conſcious that 1 
ought to aſk your pardon. ' My chief deſig 
was only to give a farther explanation of the 
cauſe of the aſcent ad deſcent of — 
Vi F exhalation, 
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exhalation, &c. and to ſhew that therabend 
and deſcend by the action of the ſame pow- 
ers; and that the powers entire may both 
aſcend and deſcend with them; which never 
can be explained by the doctrine of poſitive 
and negative electricity, or a plus and minus 
of the ſame power. So that my doctrine of 
the two powers of electricity muſt be accept - 

ed, or electribity be excluded from the buſineſs 
of the clouds; which cannot well be allowed 
againſt the dee fo: many wen- 
n N 22815 | | 
*. * Sent this W dated * March, 
wer, to the "Nu A" | 
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'$ 1 i 2 1 26th Feb. 1760, 
INCE my letter of the 14th February, 
1958, I have made many electrical ex- 
periments ; all confirming the doctrine and 
laws which: I mentioned in that letter: As 
ſome of them are quite inexplicable by any 
thing which was ſaid of electricity before that 
time, or indeed by any thing I have ſince 
met with, I ſhall e two or three of 
them. Let a conductor be electriſied, either 
by a g . or a ee -1 
can, in a ſeconds of time, with the at- 
moſphere of that conductor, electrify a large 
plate of glaſa, or a thin plate of ſraling: wax, 
8 on bothifides with * ae r 
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er; and then withdraw the vitreous power, 
and leave both ſides electriſied with the reſi- 
nous power; or then can withdraw that 
power from one fide, and leave the different 
fides electriſied with the different powers; 
and all this without any contact with the con- 
ductor; and the plates ſhall remain ſo elec- 
tried, in any of the aforementioned ſtates, 
when carried quite out of the atmoſphere of 
the conductor: Or I can charge Mr. Muſchen- 
 broek's bottle, ſuſpended by a dry filk cord 
in the atmoſphere of that — ſeveral 
inches from the conductor, and without any 
contact with that, or any other matter but 
the ſilk cord, firſt with the vitteous er in- 
ſide, and the reſinous power outäide; and 
then withdraw that charge, and recharge the 
bottle with the powers in the contrary order; 
without the bottle's having any communica- 
tion with any thing but the ſilk cord. I ſhall 
fake another opportunity of explaining this 
experiment, and of ſhewing that the eleQri- 
city found in the air during the time of thun- 
der, &. does not only come down from the 
clouds, but is alſo drawn up from the r. 
by the electric atmoſphere of the clouds. 


can, with an electriſied glaſß, electrify a 


of down through a glaſs which is not 1 


fied ;' and that with either of the electric 
powers, as any tor ſhall to direct 
at the inſtanit of performance: Or I can do 
the fame thing with an electriſied ſtick of ſeal- 
ing wax: Or, with' the ſame piece of wax, I 
cas elecirty a piece of bog do ben. , 
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by filk; with eicher of the clectrie powers; 
and then withdraw that power, and efectrif/ 
it with the contrary power; and ſo on for 
feveral times in ſueceſſion; and yet a ſpec- 
tator ſhall think that 1 touch the down with. 
the wax in the faine manner to give both” the 

Wers. * 

I would now alk now theſe experiments are 
to be explained by the doctrine of poſitive 
and negative electricity? or that glaſs throws 
out the electricity, and that wax drinks it in? 
or the N [that glaſs is impermeable by 
electricity? or the wanting and abounding 
fides of the glaſs. in the charged bottle, as 
Mr. Franklin has explained it; that one ſide 

of the bottle parts with exactly the ſame quan- 
| tity of electricity which the other receives; 
and, on forming a cominunication between 
the infide and outſide, that the emptied fide 
greedily drinks up the ſuperfluity of the 
abounding fide. But I will not detain you 
with arguments of this kind. 

Thus you ſee I have called theſe p | 
vitrebus and reſinous, merely for Git 
ſake; for I do not know of any different eſ- 
ſential charaQteriſtic-to diſtinguiſh them by. 
I had ſome regard to their being ſo called by 

gentlemen, who fancied that they found them 
exiſting ſingly, the one im glafs, 225 the other 
in was” cee For Mr. . that 
nobody can be in Rh be of | both pe | 
the lane time: 
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ſeparated in any body, or brought to any 
thing like an intire ſeparation. 


I have ventured to try various experiments 
on the human body with theſe electrical pow- 
ers; by which I have introduced them into 
medicinal uſe, and have performed many ſur- 
prizing cures in paralitic, 3 and 
many other caſes; and have done ſome things 
with them which were not thought to be in 
the power of the materia medica. An account 


of which I will lay before the Society, if Fry 


think it acceptable. 

In my letter of the gth of Auguſt, 1757, I 
mentioned a great ſimilarity between the ac- 
tion of the electric and magnetic powers; on 
more mature examination. I find, that the 
laws which I have given, in my letter of the 
14th,of February, 1758, for the action of the 
electric powers on cach other, will .exaQly 
ſerve for the action of the magnetic powers 
on each other: Though, to à perſon not 
well verſed in theſe matters, there may ap- 

pear a ſeeming difference, which, upon exa- 
. will be found to ariſe. merely from 
the different poſition in which the different 

wers in the magnet are placed, from that 
in which, the. diffs rent powers of electricity 
ate placed; for in electricity the po powers 
change place from one body to another, which 
in magnetiſm they do not. And this may 
prevent the troubling you with the recital of 
thoſe laws ; or if you think fit to be troubled 
2 is I can recite thoſe laws i in 2 a clearer: 
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and more conneQed: manner than I have yet 
done. EC ö ifs WRT l 
;"Herewich I 450 5005 a letter to the Royal 
Society; ſhewing what'I think is the cuuſe of 
the reflection nd refraction of light," 
It is impoſſible for me to forefec all the ob- 
jeu that will be made to it; or if I were 
to anſwer beforehand all the objections which 
I think will be made to it, I muſt enter ups 
on a long tract. But as Sir Haac Newton 
is the great maſter in the doctrine of light, 
I think it will be ſufficient to ſnew, that 
the cauſes, which he has pointed at; are not 
ſufficient for the purpoſe. He has mention 
ed air; the thickneſs of the tranſparent bo- 
dies; the action of bodies upon light, at 4 
diſtande; (by whieh; 1 ſuppoſe, he means an 
attraction) and his ſubtile medium, evenly 
diffuſed over the ſurfaces of bodies! * eg 
As ko air, he has ſhewn that it is not the 
cauſe; and, if he had nat, there is à NH- 
dent raſon againft' it; becauſe refraQtion' is 
performed betweetr' the'cohfines"of ar and 
all other bodies. The thickneſs” of t 
rent plates cannot, in itfelf, be the tauſt 12 
he has ſhewn that reffected and refrügted 
light does not impitige on bodies; indeet 
the — — Aken are, he more 
the refractive power adhere to them. 
As to the action — 1 pon ght at 2 
diſtance, (Which Sir Ge dene th Mick to; 
y > in 55 fifth query, at the end of his bock 
22 des, he ob wt yo) bodies ac upon | 
ligh in refle@ing,”.reftding, "and i | | 
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of it) I think it cannot; be the cayſe; for 
when a ray of light has paſſed through. a 
tranſparent body, if that ray be again drawn | 
back into that body by attraction, that at- 
traction muſt be fn g enough to hold that 
ray affixed to that dae as long as the at- 
tractive power remains the ſame; and there- 
ſore there never could be any reflection back 
again through a tranſparent body; but all 
experience ſhews 80 a reflection to be 
o mon. As to a ſubtile medium, evenly 
diſfaſed over the ſurfaces of hodięs, it cer- 
tainly muſt be the cauſe; and had he reſted 
it theze, he would have been very near the 
truth. But when he had a mind to apply it 
to other purpoſes, and to make it the cauſe 
of gravity, he propoſed his æther of uch 4 

form as would not anſwer either of his 
poſes: for he ſuppoſes it to be a ſabtile elaſ- 
tic; medium, with en increment of denſity 
from the ſun through all the planetary regi- 
ons, prefling the planets; from the denſer into 
Wear parts qf this medium; and thus 
aging as a centripetal power to keep them in 
thir arhits-. But I maſt here obſerve that this 
ther. 35 4 centripatal power, could only act 
. — planet with a farce proportional to the 
of its denſity, in the length of the 
eryof the planet; but it myſt obſtruct 
2 progrative motion of the planet with a 
free equal to its whale increment of denſity, 
from the ſun to the center of the planet, and 
——— —— the cauſe. 


; and far many more reaſons which 
I could 
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I could add; one of which is, that gravity is 
performed by one ſingle power, — all bo- 
dies, and all parts of bodies, have of attract- 
ing each other; which can never ariſe from 
foch an ether As to ſuch an ther's being 
the cauſe of reflection and-refrakiion, &. how 
can we ſu it t for if the zcflecting me- 
dium ean turn back the ræys l | 
_ 855066th/ Eg ns Sir J/aoc; Jays it 


does, how is it Ne ee tourri ue 
to 6 from che ſc ohla medium 


Tale dee het l er a e be 
Jooket en- us A fincere-Tearth afttr Ie 
not as a reflectibn on the char ſo great 
4 man as Sir Iſbaę bertainlywrFͥ r for in an 
has a bigher eem for his memory than 1 
have; and this atten he himſelf lias leſt amd 
recommended to our enquirpzs and mf 
obſerve, that jt was impoſſible for him, or 
any man at that time, to know what a ſub- 
tile medium, and how ted for- the purpoſe 
of refraction, &c. did really ſupervade the 
ſurfaces of all Bodies. Nor is it now. eaſy to 
qangeſde, but thoſe intimately acquainted 
with the doctrine which I have given of the 


electric powers; and b ſuck asbaverigant 2 
through a great inn | | 
convince themſelves of the truth of nat doc- 
trine. Sir Iſaac Newton, in ſpeaking of his 
ſecundary attraction and repulſion at very 
minute diſtances, makes a great gueſs at the 
uſe of electricity in that caſe; for he expreſaly 
fays l who knows but the power of eig 
= extend itſelf to theſe minute diſtances 
N without 
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without being excited by friction, Which is 
certainly the caſe. And here that attraction 
and repulſion may be. eafily ſhewn to be the 
effect of the — powers :. in the attrac- 
tion the force of gravity muſt alſo act. But 
I believe I had better explain this matter in a 
paper by itſelf. Had he then known as much 
of electricity as we now do, and that the elec- 
tric powers adhered. to all bodies, I am cer- 
tain that he would have made a better uſo of 
2 knowledge than Lam able to do. How- 
er, I am-confident that in time the electric 
2 will be fully proved to be the cauſe. of 

the reflection and refraction of light. R 25 1011 
I ſhall he very much obliged to you if you 
wüb let me know the mot material objections 
which ſhall be ee 6s up hint 
—_— 5 1 "5 180 fl bm 
18 101 Je 81 R, 3: why vv 100 
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Luſmore, un Pebruary, 1760 | 
Grin vi 


N the year 1752, I on you to ew 
that the fire or fluid of electricity was the 
cauſe of the refraction, &c. of light; and ac- 
cordin gly wrote down my reaſons, which, on 
farther conſideration, did not appear fatisfac- 
. tory to me, and therefore did not trouble you 
with them; nor was. it poſſible then to ex- 
plain this matter, the action of the electric 

powers not being at all underſtood. But ſince 

I have diſcovered that all the phænomena of 
electricity ariſe from the action of two differ- 
ent diſtinct powers, which always act con- 
jointly, and explained their manner of acting 
on each other; (which I communicated to 
Doctor Birch in two letters, of the qth of 
August. 1757, and 14th of February, 1758) 
it appears plainly to me, that theſe powers 
are the cauſe of the reſectioa and refraction | 
af t 
"The great difficulty of explaining refraftion 
was, to ſhew why the rays inclined, to the 
perpendicular, in paſſing from a rare into a 
denſe medium; and receded from the per- 
pendicular, in paſſin g from the. denſe medi- 
um into a rarer one. I will not detain you 
to me a 1 80 1 all | the reaſons aſ- 
45-1 O 3 
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ſigned, but muſt beg leave to object to the 
principal one; which was, ſuppoſing that 
the refracting medium had a vibrating mo- 
tion which accelerated the rays in their paſ- 
ſage through it; which, I think, muſt be 
For firſt, how is it poſſible that any body 
can be accelerated by paſſing through any me- 
diam? Muſt not the body meet a reſiſtance 
in proportion to the depth and denſity of the 
medium? If the medium moves faſter than 
the body, how can the body overtake the 
medium to paſs through it? Is it intelligible 
how any body in paſſing through any medi- 
um, can put that medium into ſuch a motion 
as may aecelerate the body ? IF it be ſuppo- 
fed that the medium is naturally in a vibra- 
ting motion, to make the pulſes quicker than 
the motion of the body paſſing through it, its 
velocity muſt ſometimes be as great againſt 
the motion of the body, as at other times it 
is with it; and when reflection is cauſed by 
ſueh a vibrating motion, the angle of reflec- 
tion muſt differ as much from the angle of 
incidence, as the angle of refraction does; 
the rays being as much accelerated in reflec- 
tion, as in refraction, by ſuch a medium. 
þ Muſt not theſe vibrations incline the rays as 
4 much to the perpendicular in their paſſage 
+ | out of a denſe body into a rare one, as they 
do when the rays paſs out of a rare body in- 
to a denſe one? But this is contrary to all 
experience; and it is more difficult to 9 
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how ſuch a vibrating motion, the pulſes of 
which ſhall have a greater velocity than light, 
can be cauſed and continued, than to explain 
all the difficulties of reflection and refraction, 
by means of a ſubtile medium at reſt. Now 
if it can be proved that reflection and refrac- 
tion may be cauſed by a denſe elaſtic medium 
of ſubtile parts, and that ſuch a medium does 
really exiſt, covering the ſurfaces of all bo- 
dies, and that in proportion to the denfity of 
the bodies; (for Sir Iſaac Newton has ſhewn 
that bodies have a refractive power in pro- 
portion to their denſities) J think that the 
doctrine of reflection and refraction (for as 
for deflection or inflection, it will appear 
to be only refraction by the different po- 
fition of the medium) will be made much 
more intelligible than it has been hitherto, 
and the cauſe of reflection and refraction ful- 
ly proved. Sir 1/aac Newton has ſhewn that 
ſulphureous bodies have a greater refractive 
power than other bodies, in proportion to 

their denſities; it will be here alſo ſhe wen, 
that this medium adheres to ſuch bodies in 
greater — than to other bodies of the 
ſame denſity. 
The above great author. in his firſt book 
of optics, has given us a clear doctrine of the 
refrangibility of light, and of the ſeparation 
of its colours thereby; and an intire confu- 
tation of that doctrine which ſuppoſes tight 
fo' be ed by preſſion ; ſo that] nec 


riot nnn what has been ſaid by ſome 
on O 2 nnn 


[162 

gentlemen who have lately attempted to re- 
vive that doctrine. But as the cauſe of re- 
fraction, &c. was confeſſedly unknown to this 
great man, he only ſu — that it muſt be 
performed by the — s-of ſome ſubtile me- 
dium, which e — the rays in refrac- 
tion. 

As to the manner of acting, I have before 
objected ; and ] ſhall now endeavour to ſhew 
how refraction may be performed-by a ſubtile 
medium's retarding the rays of light in their 
paſſage through it; and to ſhew what that 
medium 1s, and the manner how it acts. 

I ſhall firſt conſider the caſe of a ball ſhot 
through a board. Suppoſe the line of direc- 
tion of the ball to make an angle of forty de- 
. grees with the plane of the board, and ano- 
ther plane inclined to the plane of the board 
in that direction, dividing the ball into hemi- 
ſpheres; it is plain that the hemiſpheres next 
to the board muſt firſt come in eontact with 
it, and give the ball a direction from the per- 
8 to the board, till the ball is intire- 

y immerged; and whatever direction the 
ball then has, it muſt retain till it begins to 
immerge, and then the direction muſt be alter- 
ed in the contrary order from which it is im- 
merged, and proceed in a line parallel to the 
line of its firſt direction. | 
Il will now conſider this board of another 

contexture, with the ſide very rare which is 
to be entered by the ball. and that ſide very 
denſe en which the ball is to immerge; the 
| 8 conſequence 
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conſequence will be, that the ball ſhall not 
be ſo much altered in its direction from the 
perpendicular in immerſion, as it ſhall be al- 
tered to the perpendicular i in its immerſion 
from the denſe ſide. of the board; and there- 
fore the angle of refraction will bear a ſimilar 
proportion to the angle of incidence, as it does 
in light paſſing from a rarer into a denſer me- 
dium. And now ſuppoſe the ball paſſing back 
again through this board, the angles of inci- 
dence and refraction ſhall be ſimilar to thoſe 
of light patiing from a deuſer um into a 
- TATEer.: 7 $a Peta 
Now 1 think all that i is to hs tend to ex- 
plain the refraction of light, is to find a ſub- 
tile medium that ſupervades the ſurfaces of all 
bodies; whoſe denſer ſide ſhall always adhere 
to the confines of the denſer medium or body 
to which it is applied, and its rarer ſide al: 
ways joined to the confines of the rarer mY 
dium or body. 1. y 29D. 
Whoever attentively a. the argue 
and laws of electricity which I have given 
my letters of the oh of Augyft, 1757 an 
14th February, 127055 muſt ſee that 
tric powers muſt always adhete to all bodies 
in this manner; for whether the vitreus ot 
reſinous power of electricity be encreaſed, the 
encreaſed power will act outward from the 
denſer body, with an atmoſphere with an ine 
crement o rarity outward; N will inereaſe 
in proportion to the increaſe of the CP 
of that power above the contrary leſſened 
— 3 BP N 
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| 5 which leſſened power will always a 
inward to the denſer body, in a condenſed 
Nate, exceedingly more denſe than the out- 
ward power. The truth of which doctrine [ 
have evinced by a thouſand experiments more 
than what I communicated in thoſe letters; 
nor could I ever ſince produce any phanome- 
non, from any experiment which I could think 
of making, which was not eaſily applicable 
by the laws of electricity which I laid down 
in thoſe letters. 
No conſidering the extreme fabtiley and 
elaſticity of the electric powers, and how ex- 
ceedingly they condenſe each other when in 
or near an equal quantity with each other, 
which i is their natural ſtate in all bodies ; the 
ious encreaſe of elaſticity in portion 
to their condenſation; their immeaſurable ve- 
80 in action; their adheſion to all bodies 
ction to the ſpecific grayity of the bo- 
dies except their being found in a greater 
proportional - quantity on ' falphureous and 
unctious bodies, which bodies have alſo a 


greater refractive power than other bodies of 


tho ſame ſpecific gravity; their attending all 
r and exhalations through the atmof- 
- where the refective and refractive 
powers are alſo found; witneſs the rainbow, 
crowns-of colours, and all the coloured Pha- 
nomena of the clouds: all theſe thingy 
duly: eonſidered, I think it no abfard c= 
Here r ty," 1 w_ ON POOuy oy 
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be and are the cauſe of the reflection and re- 
fraction of light. & 
I could write much more Nur en chte ſas 
ject, and add ſome things perhaps more ex- 
planatory of my — but that I under 
ſtand that the Royal Society do not chuſe to 
attend long 3 and I think that I could 
ſay ſomething explanatory of Sir T/aac's fits of 
ealy reflection and eaſy tranſmiſſion, but I 
ſhall not now trouble you with it. As to Sir 
Haac's furniſhing the rays of light with'diffe - 
rent eſſential properties on their different 
ſides, only to explain that ſingle phænome- 
non of an unuſual refraction in Iſland Chriſ- 
tal; I muſt ſay, wih the greateſt deference 
to ſo great a man, that I do not think it fo 
truly philoſs; hical ; for were the rays. fur- 
niſhed with ſuch different eſſential properties, 
all reflection and refraction muſt be confuſed, 
and the excellent uſe of viſion rendered al- 
moſt uſeleſs. I think it would have been 
better to have ſearched for the cauſe in *the 
different poſitions of the refrative powers in 
the Famine of that fiſſi ſtane, : OE I chick 72 
it Hay be Wund. | 
And now, gentlewen, | Ker that 1 bd 
followed brevity too cloſely in the exp capa 
tion of à cauſe ſo long Ros after, a Ta 
Without which our | "nobleſt HH would be 
loft; and if it were poſſible for us to fabſift 
5 . 5 our bein * muſt be more wretch- 
At ole. 


ed than of "a mole. But if any kn 
Hentlemen of the 8 will be ts e 
Sr tl "vice , Kh. XA 12 el 2A 5 5 
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Society ; and if I thought my preſent, cxpaſ: 
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as s to let n me e know their objections, it will give 
me an opportunity of explaining this matter 
better, or of ſubmitting and confeſſing that 
one other cauſe muſt be enquired for. 1 am, 


Your moſt humble and 
' moſt obedient ſervant, 


/ Henxy EELes. 
To the Royal Society. | oY 
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A 5 LETTER I 


Mr E 2 Liſmore. 20 Dee. TE 

JK 7 HILE you. preſide over the Royal 
Society, I hope that you will forgive 

my troubling you with a letter relative to the 
tranſactions of that Society. I am conſcious 
that it muſt appear the higheſt reſumption 
in any ſingle. man to conteſt with the Royal 


tulation was with the whole Society as a bo- 


dy, I ſhould have modeſty enough to think 


10 too, and deſiſt from giving your lordſhip 
the trouble of this letter; but as the matter 
of my preſent complaint ſeems to ariſe from 
the unwillingneſs of a few members of the 


Society to underſtand ſome: truths which 
have produced to the Society, and that tho! 


truths are of the higheſt importance toward 
the making new — and the 
0 


Fg 


1 6 +: 

£62 1 2833 ge, for pe an Tr pre- 
ſume, the Royal Society was peculiarly inſti- 
e I ſhall. venture to pri 

But firſt I muſt beg leave to mention the | 
tracts which I have laid before the Royal So- 
ciety, and the ſucceſs they met with; to 
thew the reaſon why I troubled them i in par- 
ticular, or the world in general, with any opi- 
nions of mine; and how I have been rawn 
into ray. expoſtulation. | 

the year 1750, as I was actidentally re- 

flecting that the cauſe of thunder 8s; not 
ſufficiently explained, I recollected, that in 
ſome electrical experiments which I had ſeen 
in the year 1747, that the electrical fire ſub- 
ſiſted in water; and knowing that the ſeat 
of thunder was in heavieſt ſhowers. of rain; 
and imagining that there was ſome analogy 
between the effects of e and thoſe of 
electricity, I began to think how 13 electric | 
fixe may be the 7 of thunder; d in 
September, 1751, I drew up,an bypoth elis to 


0 that matter; OY 5 24 . 1752, 1 


noured. with the | 

450 - Philo: þ tiene for, car. 1 
. that hy potheſis, ee ſome ſubjects 
[which I thought might. be explained by Sies. 
WH „ and the *Royal Society did we the 
onour to d eie V. thoughts on | ole fab- 
2 y, en the 25th of: Noye 
5 n Ker 1 on them. a letter, to oN. the 


ſcent of vapours and exhala- 


tions ; 


— 
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tions, and alſo to ſhew the cauſe of winds, 
both regular and erratic; and to explain the 
eral phænomena of the weather, barome- 
ter, &c. which letter was alſo honoured with 
their acceptance, and printed in the Philoſ. 
Franſ.. for the year 1755. In this letter 1 
ey fome experiments, which the So- 
ty alſo defired me to ſend to them; and 
= are alſo printed in the Philoſ. Tranf. 
my letter. The great honour which 
the Royal Society had hitherto done me, drew 
my attention doſer to theſe matters, and made 
me think it neceſſary for me to enquire farther * 
into the nature and properties of electricity; 
and, if poſſible; to diſcover the general laws 
of its action, before 1 proceeded on the other 
ſubjects which T had mentioned; that I may 
be enabled to write more intelligibly to the 
Society, and to myſelf, than I found it 
poſſible to do from what was then krio' 
about electricity. . 11 en 300. 224015 
At this time 1 percei ved hl all cleffrified 
bodies exetted two different powers, au at- 
tractive ang a repulſive! wer ; and, accord- 
ingly; have Fd in my fetter, that when the 
ae 0 of vapour were forced weithin their 
15 wers, they then ran into conta 
N 
48 | ew. nothi or 
Wo the "acted upon 4 er on the 
liphe-patts of matter, by Which they reader 
their 70 00 ſenſible to Pe L therefote ſet 
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and; after having ade a very great number, 
I found that electricity conſiſted of two. diffe- 
rent diſtin ſubtile elaſtic mediums, which 
were equally and ſtepngly attracted to all mat> 
ter, and that in proportion to the quantity of 
matter; and that theſe mediums ſtrongly at» 
traced and greatly condenſed each other; ſq 
that when they were gqual in quantity to 
each other, they were condenſed into an ex- 
ceeding minute eompaſs; but when one was 
leſſened, and the other increaſed: in any bo- 
dy, the idcreaſed medium or power would, 
by its own elaſtic force; diffuſe itſelf through 
4 ſpace many millions of times greater than 
that which it occupied in its condenſed ſtate; 
and yet may be inſtantly; retracted to the bo- 
dy from which it ſued, by e on 
body a proper quantity of the other pow- - 
er; that theſe electric e repelled: 
any atmoſphere ariſing from the-ſa 1 
but attracted any atmoſphere ariſi 2 
different medium or power: ſo all chg 
known phenomena, ariſing from ;eleQuicityy 
art cauſed hy — — or n | 
equally attra Matter, 1 * 
and equal attraction and condenſation fork 
other, and their great elaſtic force ; on W 
more particular explanation of which, Iauſt 
beg leave to refer yaur ſordſhip to hel oe 
inen Lam going to menten. 
When I had gone, theg eee 
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| ferent powers in electrieit and to explain their 


manner of acting; and alſo to ſhew that mag- 
netiſm conſiſts of like powers, which act by the 
fame laws, tho' I do not by any means think 
them the ſame thing. As I did not hear what 
reeeption this letter met with, I thought I had 
not explained my meaning ſufficiently to be 
underſtood ; and therefore, on the r4th of 
February, 1758, I wrote another letter, to 


explain this matter more fully by experi- 


ments, and to give general laws by which — 
electric powers act. I was ſomething ſu 

zed that I never heard any thing of theſe 8 
ters, becauſe I am as well aſſured of the truth 


of them, from numberleſs experiments, that 


two different diſtinct elaſtic mediums do exiſt 
in electricity, as I am that I live, or move, or 
ha ve any being; and as I knew the ſubject to 
be of the greateſt importance, as the electric 
powers are the great principle of motion in 
che world; and that their actions can n 

be explained, without allowing theſe two dif 
ferent mediums. However, on the 26th of 
Marth, 1760, 1 wrote to the Royal Society, 
endeavouring to ſhew that the electric powers 
are the cauſe of the reflection and refraction 
of bght ; - Aid alſo to Doctor Birch, with ſome 
eleckrical experiments, which I think cannot 
-be explained by any thing that has been ſaid 
of electricity, vithourallowing the doQrine of 
two mediams A have given; nor was it 


{ 474 f 
fect conception of the action of the different 
powers of electricity. Theſe letters alſo paſ- 
ſed unnoticed; I ſuppoſe for the reaſon I have 
now mentioned. 
About the beginning of the year 1761, 1 
received the vol. of Philoſ. Tranſ. for the year 
1757. This book came thus late to my hands, 
by being obliged to ſend to London for it; for 
our bookſellers in this kingdom could not fur- 
niſh me with it, tho I often applied for it. 
In this volume I met. with three letters, 
ſigned Eraſmus Darwin, Phyſician at Litch- 
Feld, Stafford/bire ; which _ is pleaſed to call 
a confutation of what I wrote about the cauſe 
of the aſcent of vapours and exhalations, &c. 
His firſt letter is addreſſed to Mr. William 
Watſon, with whom, he ſays, he is not 
perſonally acquainted, deſiring Mr. Watſon 
to lay his papers before the Royal Society, if 
Mr. Watſon thought that, they contained 
truth; but if he ſhould deem them trifling, 
or fatile to ſuppreſs them, 2 
His ſecond letter, addreſſed to the Royal 
Society, contains a theory of his own to ex- 
lain the aſcent of vapours, which, he a) 
is founded on principles better known than 
mine; but, for my. part, I cannot ſee any 
principles which he makes uſe of, but what 
contradict the reaſon and experience of all 
| mankind (if ſuch can be called principles) ex- 
_ cept that, he ſays, that heat makes vapours 
aſcend ; which, I think, every old woman 


knew before. His third letter, he 475 is 15 0 


I! 
ſigned entirely to deftroy my theory, and near- 
25 demonſtrate, that the electric æther is 
ar from having any fhare in cauſing vapour 
to aſcend : how well he has done this his let- 
ter will fhew. I ſhall only obſerve that his 
chief principle is, that the air is not acted 
upon by electricity. Now this is a flat con- 
tradiction of a truth that Mr. Watfon himſelf 
has, with a great deal of pains and labour, 
eſtabliſhed, and, I think, fully proved, by 
his experiments in vacu?, made for that very 
purpoſe ; to ſhew that electricity is confined 
to non- electric bodies by the air. Philoſoph. 
Tranf. vol. 47, page 362, &c. And tho' I 
know many experiments which prove the 
fame thing, I choofe to let Mr. Watſon fee 
that he has recommended a doctrine entirely 
oppoſite to his own principles, and ſhall leave 
him to explain the reaſon. x 
Mr. Darwin has attempted to fhew the fal- 
lacy of ſome experiments which I fent the So- 
ciety; but he has only proved the truth of 
them, and ſubſtituted a monſtrous fallacy of 
his own, and fhewn that he is thoroughly ig- 
norant in making electrical experiments; but 
as I have ofven {och an anſwer to Mr. Dar- 
in's letter, as I thought it deſerved, in my 
letter to the Royal Society, dated the 20th of 
March, 19161, I ſhall beg leave to refer your 
lordſhip to that letter; which was chiefly de- 
ſigned to give a farther explanation of the 
_ cauſe of thunder, and the aſcent and deſcent 
of vapours, from the difcovery which I _ 


—W S.- EONS 
that electricity conſiſts of two different medi- 
ums or powers, and their manner of acti 
on each other; which could not poſſibly be 
explained without this doctrinee. 
For when I wrote my letter to explain the 
cauſe of the aſcent of vapour, &c. I was conſci; 
ous of one defect in it; that is, I found it impoſ- 
ſible, from what was then known of electricity, 
to ſhew how the whole quantity of electric fire, 
which aſcended and buoyed up the vapour, 
was ever to return to the earth again; and I 
knew that without ſuch a circulation, that 
this great operation of nature could never 
have been carried on in the ſame conftant 
manner, as it has been done from the begin- 
ning of the world: but finding the reſt of my 
ſyſtem very conformable to the phenomena 
of nature, and hoping that a farther reſearch 
into the nature and properties of electricity 
may ſome way or other explain this matter, 
I let my letter go with that known defect. 
But fince I have diſcovered. the great elaſtic 
force of the electric mediums, by which either 
of them can (when freed from the attraction 
and condenſing force of the different power) 
diffuſe itſelf through a ſpace. of more than a 
million of millions of times greater than what 
it occupied in its condenſed ſtate, and yet 
be retracted and condenſed to its former ſtate, 
by an addition of the different medium or 
power; it is eaſy to ſhew how eleQrified va- 
pour may be earried up by the expanſion of 
the electric medium, and remain there till it 
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meets with other vapours electrified with the 
different medium of electricity; in which 
caſe they muſt attract each other, and run 
into contact to form larger drops; and the 
electric mediums being then rendered nearly 
equal to each other in theſe drops, by an ex 
change of the different powers with each other 
in each drop, their atmoſpheres muſt be con- 
denſed into almoſt an inſenſible compaſs, and 
therefore cannot longer ſerve to buoy up the 

vapours, which muſt then fall in rain. 

And thus the whole quantity of both the 
electric mediums which, in their expanded 
ſtate, buoyed up the vapours, may, in a con- 
denſed ſtate, return with them to the carth. 

Now, that this is the real ſtate of the 
clouds; that is, that clouds in near approach 
to each other are frequently. electrified with 
the different mediums or powers of electrici- 
ty, 1 have proved by a great number of ex- 

riments on the clouds; and have always 
found, that when two ſuch clouds have 


drawn each other into contact, ſo as to let 


fall a heavy ſhower from the middle, that one 
end of ſuch cloud was electrified with one 

wer, and the other end of the cloud was 
electrified with the different power of electri- 
city, while the middle of the cloud or ſnower 


ſhewed little or no ſign of being eledtrifiet. 


Mr. Canton of the Society has alſo often found 
the clouds electrified with the different pow- 
ers, which he calls poſitively and negatively 
electrified. This, my lord, would be ſuffi- 


ns) 
oĩent to prove the truth of what I have Jad 
before the Royal Society; but ſince my wri- 
ting the laſt mentioned” letter; I hay ; Jon 
much farther to evince the truth of it; for 1 
have fitted up an apparatus, by which can 
make an artificial ſhower of rain with the 
electrical powers. For by e electrifying two 
fountains of water with the different powers, 
they ſhall be diffipated into very ſmall parti- 
cles in their aſcent, which particles ſhall at- 
tract each other above, and run into larger 
- and come down i in the exact form 101 
rain from the clouds. This, I think, comes 
as near to a -demenfiratioh as the nature of 
the proofs will admit.” The only difficulty 
remaining is to ſhew how different clouds 
| þ to be electrified with the different po- 
: but the want of this knowledge does 
ob "any way detract from the truth of what 
have advanced, ſince the clouds : are T6ally 
found to be ſo electriſied. 5 
But, my lord, this arme of ele hs ; 
not only uſeful to explain this important phe- 
nomenon of nature, but very — others Io 
which have puzzled the philoſophers” from 
the firſt ages; and modern philoſophers can- 
not be ignorant, with what ardent zeal ſuch 
active principles of attraction and repulſion 


e 


were ſought for, but left unknown, by the hy 


great Newton's ſelf; yet not ſo far unknown, 
but that, in one great gueſs, he has expreſsly _ 
named the thing; tho' at that time he had not 
any 3 means of proving the truth of his 
5 * | 2—— 
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conj en his 31ſt Wery, he ſays, 
+ Ths. one of gravity, magnetiſm, and 
electricity, reach to very ſenſible diſtances, 
5 and ſo have been obſerved by vulgar eyes; 
7 and there may be others which, reach to ſo 
ſmall diſtances as hitherto to eſcape obſer- 
vation; and perhaps electrical attraction 
* Way reach to ſuch ſmall diſtances, even with- 
aut being excited by friction. Which I now 
think. it certainly docs; and as I find the elec- 
tric mediums. or powers univerſally adheſive 
to all matter, and that they can both attract 
and repel. from very minute to very great diſ- 
tances, they axe fitted to anſwer many more 
of his purpoſes than could be then imagined, 
as they were ſuppoſed to reſide BA hes a few 
particular b bodies, and their manner of aq- 
ing was quite unknown. I beg leave to add 
2 few more lines from the latter end of this 
querx, where he ſays, © Ta tell us that every 
ſpecies of things is endowed with an occult 
* ſpecific quality, by which it acts and produ- 
* ces manifeſt effects, is to tell us nothing: 
but to derive two or three general principſes 


* to tell us how the properties and actions of 
* all-corporeal things 2 from thoſe mani- 
* feft principles, would be a very great ſtep 
5 in philoſophy, tho the cauſes o thoſs prin-/ 
were not yet diſcoyered.; and, there - 
* fore, I ſcruple not to propoſe the principles 
hb mad above-n tioned, Wer _—_ 


* of motion from phenomena, and afterwards 


[im] 

© very general extent, and 185 5 their cauſes 
_ to be Mats eie mam 

This whole query, which Ui of many 
pages, was deſigned by that great man to 
thew the neceflity of the exiftence of prin- 
ciples of motion, many of 'which may not as 
yet be diſcovered, and to recommend a far- 
ther reſearch into the nature and properties 
and laws of action of theſe we do know; "three 
of which hie has PR mentioned; viz.” 
gravity, magnetiſm, and electricity. Gravi- 
ty, tho it may be the cauſe of compound mo- . 
tions in bodies put in motion by ſome other 
powers, I think is rather a principle of reft, 
as it inclines all bodies to move to each other | 
in right ines, with a e to 
their quantity of matter and their dillance ; % 
which motion once finiſhed, 13 4 2 
again put them in motion. other 
ſcem to me to be more properly Pence % 
motion, as they can both attract and repel,” 
and are therefore fitted to preſer ve the me? 
tions neceſfary to vegetation, animal life, &. 
Magnetiſm; as it is found in no other matter 
but iron, cannot be of very general ue; 
however, "it may be of much more uſe than 
We can at preſent know' of, El ectrieity, 45 
it is Ugiveflally adheſi ye 40 all matter, and” 
of great power, muſt of yety r= cy u 
in the operations of date many of . whit 

1 ear point THI VOOEY "I 1110 rh 03987 . 


Noe dhe Papers Wich 1 have laid WitheT 
ide — Society, and which have paſſed. 
1 unnot iced, 


* 
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unnoticed, go a great "ay 2 explaining the 
e 


nature and properties o two laſt men- 
tioned principles of motion, and in giving ge- 


neral laws, which will explain all the known 


omena which ariſe from magnetiſm and 
electricity. I would therefore beg your lord- 
ſhip, that theſe. papers may be. carefully re- 


examined, and printed in the Philoſophical 


Tranſactions; for as they are true, they muſt 


one day be fund to be ſo, and will ſave others 


ſome part of the labour and pains. which it has 


coſt me for ſome. years paſt to come at thoſe | 


truths. 


ing the truths which they contain, I ſhall 
be greatly obliged to them if they will farniſh 
me with their objections or obſervations, by 
letter, and I will return the moſt ſatisfactory 


But if any gentlemen of the Society think 
thoſe papers unintelli 7 ble, or deficient in ex- 


_- 


anſwer in my power; and I believe I may | 
ſet the matter in a better light now, — 


when I wrote ; for I have had great 


ence in electricity ſince I wrote thoſe — 


1 know I have mentioned many experi- 


ments, in my papers, which may appear very 
CP ot impoſſible, to many gen 1 


improbable, i 
tlemen who have we electrical ex 
ments; but I ſolemnly aſſure you, that Ih 


not mentioned one which I have not — 4 


ed an hundred times; nor did I mention 


them with any other view than that it may 
dee when others come to N the 


nine? een 
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like e xperiments, that- I was. not ignorant of 
ſuch — when I wrote thoſe papers. 

But, my lord, I have ſince performed much 
more ſurprizing experiments 'on, the, human 
body, —— I by the electric powers, in cu- 
ring many parc rat and rheumatic caſes, the 
cure of agues, chloroſis, and other diſorders., 
And ſome of thoſe cures were of ſo extraor- 
dinary a nature, and out of the power of the 
'known materia medica, that our phyſicians. n 
here looked upon them as little leſs than mi- 
raculous; and in all theſe cures I have been 
enabled, from what I know of electricity, to | 
proceed from a reaſoning a priori, which T 
think nobody elſe has done in the application 
of electricity to medicinal uſe; at leaſt I have 
not met with any account of i it. For all the 
attempts to cure diſorders by electricity, which 
are mentioned in the Philoſ. Tranſac. appear 
to me to be made without any previous ra- 
tional deſign; and accordingly, they have 
done harm as well as good; and I believe 


that the accounts of a done would he 


more numerous, if all were as honeſt to on- 
feſs it, as the gentlemen who, haye told of 
their diſappointments; for Lknow that great 
miſchief may be done by a wrong application 
of electricity in a medicinal way, and there 


fore gave a hint to the unſkilful, not to at- 


5 tempt the uſd.of. it in n paper tp the 


Society's 2 0 8 8 4, Panſy aff to. 
But 8 . when it i is rationally,; - 


n it may be the moſt - powerful; 


medicine, 


#4 | 
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medicine, in many caſes, that has ever been 
diſcovered ; which I have fate + 

enced for ſome years 

I offered to give ſome accounts of this mat- 
ter to the R ine but as 1 did not 
hear from the Society, I 13 2 that thy: 
were not t acceptable. 

Though I fear that I have already tired. 
your lordſhip's patience,” x cannot forbear ex- 
preſſing my ſurprize at the unwillingneſs of 
ſome gentlemen to admit that electricity con- 
ſiſts of two different diſtinct elaſtie mediums, 
ſince it may be demonſtrated by almoſt every 
electrical experiment; and that there is not 
one ſingle phenomenon, ariſing from electri- 
cal experiments, vhich tan be fully explain- 

ed without it. And it is the more extraordi- 
nary, as J find it has been thought all along 
that there were two kinds of electricity, but 
that they ſubſiſted in different matters, as 
glaſs and reſins, &c. and this as early as Mr. 
Du Fuy; and Mr. Maſchenbroeꝶ has expreſsly 
ſaid, that there were two kinds, and that any 
y may be endued with either kind, but 
that nobody could be in poſſeſſion of both to- 
mae in which this gentleman wee ſo far 
miſtaken, that it is impoſſible to ſeparate 
them entirely in any body. Mr.'Benjamin ' 
Fyuntlin gives another doctrine, which has 
been followed, and ſays, that glaſs throws 
out the electric fire, and that reſins dritk it 
in; that is, that glaſs can ſuperadd to any 
body a | ae electrie fire than 

10102 its 

| „ | 


its natural ſhare, and that reſins can take part 
of its natural ſhare; from any body; which, he 
_ calls. poſitive and negative eleQrifying, and 
ſuppoſes that bodies repel each other the more, 
the more they are. di veſted. of their natura! 
ſhare, in the ſame manner they do when 
there is an addition to their natural ſhare, 
With deference to that ingenious gentleman, 
I can't forbear thinking it an odd way of rea- 
ſoning, to think that bodies ſhould repel each 
other the more, the more they are diveſted 
of the repelling power: but this is all a miſ+ 
take; for glaſs neither throws it out, nor 
does wax drink it in; for in their natural 
| Rate they are both endued with an equal 


ſhare of both the powers; and theſe; powers 


are brought into ſenſible action, by enereaſ- 
3 and leſſening the 1 and 
then the encreaſed power expands itſelf into 
an extenſive atmoſphere, which we call eleg- 
tricity; and either power may be encrealed. 
on the wax or on the glaſs; that is, I can 
make the glaſs cylinder act as wax commonly, * 
does; and when the wax cylinder acts as 
glaſs, and almoſt as ſtrong as glaſs; in the 
ſixth part of a minute I can make it act as, 
wax again, and this with the ſame rubber; 
or, with a large piece of ſealing- wax, with 
the ſame rubbing, I ean-dlerify, an piece, of 
| bog-down, ſuſpended by filk, with aither of) 
the powets, and then withdraw that power: 
contfty paves 5 ee dn ann . 
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and a ſpectator ſhall not perceive any differ 
ence in my manner of touching the down 
with the wax, to give either one power or 
the other, as he pleaſes to direct: now this 
is a full demonſtration that both powers do 
exiſt without fide the wax; or how is it poſ- 
ſible for me to electrify with which ever 
power a ſpectator pleaſes to chooſe? Theſe, 
and a' great number of other experiments, 
which de nonſtrate, to the meaneſt Capacity, 
the exiſtence of theſe different powers in all 
bodies, I have ſhewn to hundreds of gentle- 
men, who can atteſt the truth of what I write, 
if required. And in my letter of the 14th of 
February, 1758, I have given experiments, 
which, if carefully examined, will ſufficiently 
prove the doctrine of electricity which I have 
therein given: but if any gentleman is of 
the contrary opinion, I Wall ſubmit to this 
trial: that if he can point out any one known 

on ariſing from electrical experi- 
ments, which I cannot ra; explain by this 
doctrine; or if he can produce any one ſin- 
gle phænomenon, which he can fully explain, 
without admitting of two powers in electri- 
city; I N ſubmit and confeſs my ape 
rance.-/ 
But I. muſt beg that this diſquiſition may 
ble 0d on by letter; and theſe letters 
ſhall be faithfully laid before the Royal Socie- 
ty; if the gentleman pleaſe, that they may 
judge on whoſe fide truth reſts. I chooſe thits” | 


epitlry correſpondence, e my. _ is 
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too far advanced to wait for anſwers publiſh- 


ed in the Philoſ. Tranſ. which muſt come 


late, or perchance never reach my hands. 
believe that it is unneceſſary to ſay any 


thing more og the importance of this enqui- 


ry, to aſcertain general laws by which the ac- 
tions of theſe general principles of motion 
may be explained; and therefore I ſhall con- 
clude, in requeſting your lordſhip, that 1 
may have the honour of one line, to let 
me know that this letter gets to your hands. 
I am, | +, aeLA ID 
Your Lon psRr's, 
Moſt humble and 
moſt obedient ſervant, 8 
HzN RT ExLxS. 


To the Right Honourable 
George, carl of Mac- 
_ cleshield, Preſident ß 


| the Royal Society. 
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che p of the The work, 
tat are e a a 14 5 
blank at the cloſe Vo 


Ian therefore in We 
- wi uf 7 ane, we for the 
father ilul ation of the teeiproc: 


T UR a wire „ part of a gen Y 
bottle, ſo that the point may ftand'; ä 
right; and on that point place the 

With the reverſed points. Place this bottle 

on an electrio ſtand, with a communication 

from the contluctor. All the time the we 
is charging, the needle will turn; >] 
the bottle is charged, the needle dope _ 
touch the top of the bottle with your 

or any conduQor, and the nds min 

till the bottle ig diſcharged. © N wo 

bottle is c „af you 2 the u 

With a piece .bog<down T5 

_ youth and iced by the wee without | 
—— flies aaf in exc r de rio 


of the — aud ahile — botfle' is Us. 
Charging. if you touch the dd ithe ſache 
manner to the needle, you'll find it electriſied 

Q 2 with 
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with the reſinous power, which flies off om 
the outſide of the bottle in exchange for the 
vitreous power drawn in through the points 
from the air; while the vitreous power from 
the inſide of the bottle makes the ſame ex- 


change for the reſinous Po rex through — 
finger, to make theſe different powers, equal 


to each other, withinfide and withoutſide, the 
„„ -- 9097 

Place two Lenden bottles on an elediric 
ſtand, with their cogtings in contact; _ 
while ou charge one from the conductor 

4 i e the floor 4.78 the top 2 oo 
bebey bottle with his finger; you'll find the 
firſt bottle charged with the vitreous- power 
inſide, and the ſecond with the reſinous power 
inſide. . Now-the exchange here is evident; 
for while; the reſinous power from the inſide 
of the : firſt bottle 0k is place with the vi- 
treous thrown in from the conductor, the vi- 
treous, from the coating, changes place fot 
1 much of the refinous from — coating of 

e ſecond bottle; and the vitreous in that 

phe changes place for ſo: much of the reſin- 
aus t fron in Ag HARON on 0 
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. could ly furniſm ts call 
cient to fill a bene — — but I ſhall 

| ntion one or two which ese 
—4 ſhewn to many gentlemen verſed | 

* this: ſcience, which perhaps may puzzle 
i writers on this ſubject: butwhoevercafi 
make them, muſt and will underſtand my 
eee 1 . 3 and pa. diſcover, 
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that all that bis bei, fabd about pofitive.agd 


.about this ſcience: 


negative electricity, or a plus and minus of 

the ſame power, has been to little purpoſe, 

and-oaly-ferved' de keep men in e dark 
| 74 ks 11; 

l have a glafs globe, intirely ſmooth, which, 

with the farns rubber, I can make throw out 


the reſinous or vitreous power, and electrify 


the reſinous or vitreous power as I think 0 


other matters with each power as often as 1 
pleaſe; y I can charge theſe 
| — braver - 12 but 


— 1 45:5. - 1-381 
I have anch glas > globe — ſinooth, 


© ſupported by one mw neck, from the equa- 


torial line of which globe I can electrify with 


per, without applying a hand or any rubber 
to the globe, or any friction from che things 


to be electfifted; and what is more, 10 = 


two things'with-the different powers 

at the ſame tine N 
. hope my readers will Gager me; for not 

explaining theſe experiments, till ſe who. 
can make them, and explain them by the 
doctrine of poſitive and negative eleariity, 
or a plus and minus of the ſame 
As I have ſeen Mr. Frieley quoted, for 
improving and methodizing the theories of 
Mr. Dufay, and Mr. Symmer; I muſt ob-, 


ſerve, that Mr. Dfuy he ver thought of the 


eo-exiſtencebof-thele diſcrete) powers in'all 
bodies; nor even Mr. Muſchbenbroeck; lon 
after Rim; therefore, there was not ar 
D eic ya bons theory 
20 . | 
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theory of Mr. . to bo — 
Theſe papers will appear to have been wrote 
to the Royal Society, before Mr. Symmer 
thought any thing of the matter; however, 
as far as he has gone, he was right; and 
1 think that Mr. . Prieftiey has made too 
much of a trifling objection to what Mr. 
Symmer has ſaid, that any man, from 
his own ſenſations, would be convinced 
that the powers came in oppoſition from 
both ſides ef the bottle, by feeling a flight 
ſhock in his wriſts, a ſtronger in his elbows, 
and ſo on. Mr. Smmer did not ſay that 
theſe powers did not cireulate through the 
body; but, that this ſenſation would ſhew 
their different direction: And, an explana» 
tion of | theſe different ſenſations 
on a e of anatomy, and the acti- ä 
on of theſe powers on the different parts, a 
which it is poſſible, that both Mr. Priefticy 
d Mr. Symmer may be ſtrangers to. But 
i is. objection was only a pretext to mend 
Symmey's diſeoveries Now, I believe it 
will piainly — to any gentleman, who 
does me the to read theſe papets 
with attentien, that the only theory which 
Mr. Priaſtlæv cold haye methodized; muſt be 
what he took from theſe papers; if an hy- 
potheſis can be. ſaid to methedize a doctrine 
which was clearly proved by experiments, 
ten Years before: E 
of Nr.  Prieftley's\ own numerous experi- 
ments, or what experiments of ariy other 
man he has * by his hypotheſis? 
or 
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or how he has ſupported this hypotheſis, W 

whence he took it? For, he has not produ- 
ced a ſingle experiment in aid of it,” toſhew 
the. exiſtence, or manner of acting of theſe 
different powers: Or, I would afk whether 
his hypotheſis has added any thing to the 
truth, or explanation of what I have wrote? 
or, if I had happened to have wrotg 2 hy- 
potheſis, whether I ſhould have put this. 
matter /in a clearer light than T have 
done? ot, what man would hs depended 
on that hy without any other proof? 
So that I think Mr. Prie/tley may, fairly 
own from whenee he framed his hypotheſis; 
for, after reading theſe papers, I believe 
that his hy will not be found of any 


great uſe. Mr. Prieſtley has artfully ſhut 
me out of his hiſtory 22 electricity; though 


all: theſe papers e tho Royal: 


Society, of which he is a member; and it 


appears from the fixſt of them, that my at- 
tempt — ſhew. the elearic powers were the 
I EN 
| 18 attem that In 
e Made meu n Philoſoph 


- FranſaRions, A En ao wa | 
Mr. Frieſtley and his hypotheſis, I muſt leave 
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In the PREFACE. 


age xxxiii, line laſt, for its eleAricity, read 


its elaſticity. | 
Texvii, I. - For Mr. Gregg's, read 
Mr. Gray's time. | 
1 A, inflead of for, — 
Nen of n & 


In the LETTERS: 


Page 19, 5 16, Jor united, read rsd“ 
ir e 1 28, For i inoenting, read meet- 
1 1 SM. ings. r 1972 218599"; 
ft 37, 1 20 For united, read emitted. 

90, 3b 13, Jor miſſes,” read turns. 
93. 1 25, for Penner, read power: 
- {1 on. 


112, | 1 laſt but two, for officers, read 
offices. 
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131, 1 laſt but one, far experiments, 
read experimenters. 


165, I. 24, for caming, read lamin. 
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